
ANGLIA RUSKIN UNIVERSITY 

FACULTY OF HEALTH, EDUCATION, MEDICINE AND SOCIAL CARE 

EFFECT OF ISOLATED FOOT BURNS ON GAIT, 

LOWER-LIMB FUNCTION AND QUALITY OF LIFE

Mr. Quentin Frew 

MBChB, BSc (Hons), MRCS 

A thesis in partial fulfilment of the 

requirements of Anglia Ruskin University 

for the degree of Doctor of Philosophy 



 

1 

  



 

2 

 

 

 

This research programme was carried out 

In collaboration with the STAAR Research Group 

 

Submitted: July 2019 

 

 

Acknowledgements 

 

I would like to convey my sincere thanks and gratitude to my family for supporting me 

especially my Wife Kate and Brother Alex. I would also like to thank my PhD supervisors 

for their time and support. 

 

 

 

 

 

 

 

 

 



 

3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4 

 

 

 

 

ANGLIA RUSKIN UNIVERSITY 

 

ABSTRACT 

 

FACULTY OF MEDICAL SCIENCES 

 

DOCTOR OF PHILOSOPHY 

 

EFFECT OF ISOLATED FOOT BURNS ON GAIT, LOWER-LIMB FUNCTION AND 

QUALITY OF LIFE 

 

 

Quentin Frew 

 

 

 

 

 

 

 

 

 

 



 

5 

 

 

 

  



 

6 

Abstract 

Background 

Advances in acute care of burns patients has now led to issues of chronic disability and morbidity in 

those patients who are surviving what were previously considered unsurvivable burns. Much focus has 

been on hand function and facial aesthetics little has been done to look at the impact of feet burns. 

Research objectives 

This study investigated the functionality and morbidity in the little explored area of burns on the lower 

limb and the longer-term impact of different treatment options on gait and function. 

Methods 

An ‘isolated feet burns’ and a ‘normal’ population of healthy volunteers were recruited. Both groups 

were assessed against three outcome groups: 

a) Standardised questionnaires- To assess the impact on daily life and psychological aspects using: 

Lower Extremity Functional Scale, Foot Function Index, and SF-36. 

b) Physiotherapy (1) Power– using Oxford strength scale scoring; (2) Active and passive range of 

movement–using goniometry; (3) Specialist tests. 

c) Gait analysis–Conducted in a gait laboratory looking at (a) Temporospatial outcomes, (b) Kinetic 

data of joint orientation within the gait cycle, and (c) Force plate analysis. 

 Results 

16 patients and 30 controls were recruited. Statistical differences between patients and controls was seen 

across all three outcome measures demonstrating their significant impacts on patients’ lives. Anatomical 

subzones of the feet were also analysed to see the effects the areas had on the outcome measures. 

Analysis comparing treatment options of grafting or conservative management showed in most cases 

grafting to provide superior results. 

Conclusions 

For the first time the impact of isolated foot burns on patients’ quality of life has been demonstrated. 

Until now their priority in the reconstructive importance has been low. From this study, a baseline for 

future research, and interventions can be established. This will enable treatment strategies to be focused 

on not only wound closure but also improving patient quality of life to be devised. 
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Chapter 1 - Introduction 

1.1 Background 

Over 250,000 people suffer from a burn injury each year in the United Kingdom, with 175,000 

attending an accident and emergency department (Pollitt, Anderson and Dunn, 2014) (National Burn 

Care Review Committee, 2001) and 300,000 dying worldwide (World Health Organization, 2008). Burn 

injuries and their treatments were first described in 1500 BC (Herndon, 2012). Advances have been 

made over the centuries from early treatments involving resin and honey. However great strides have 

been made more recently in the twentieth century as a result of improved fluid management. As surgical 

and medical technology improves, survival from extensive burns appear to be increasing such that 

catastrophic burn scores are no longer a reliable indicator of patient survival (Roberts et al., 2012).The 

Baux scoring system was historically established to predict the probability of mortality from a burn, 

which equated to age plus percentage burn. For example, a fifty-year-old with a 50% burn would be 

scored as Baux 100, therefore recording a likelihood of 100% mortality. It has been shown that a Baux 

score of over 150 rather than 100 indicates the likely point of futility of medical intervention (Roberts et 

al., 2012). This advance in acute care of burns patients has now led to issues of chronic disability and 

morbidity in those patients who survive what were previously considered to be unsurvivable burns 

(Hettiaratchy, 2004). Much focus has been on hand function and facial aesthetics in burns research 

(Redstone, Shepherd, Bousfield and Brooks, 2011). However there is a scarcity of data acknowledging 

the impact and prevalence of foot injuries in the burns field (Shakirov, 2011). 

The aim of this study was to investigate the effect of isolated foot burns on patients’ gait, lower-limb 

function and quality of life. In doing so I hope to determine the best evidence-based practice standards 

to aid clinicians to return patients with isolated foot burns to an optimal quality of life. 
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Primary Hypothesis 

The null hypothesis is that there are no differences in outcomes between isolated foot burn 

patients and the normal population. 

Secondary Hypothesis 

The null hypothesis is that interventions in isolated foot burn patients has no significant 

differences in outcomes. 
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1.2 Burn pathophysiology 

It is important to understand the layers of the skin to comprehend its regenerative properties and the 

subsequent diagnostic difficulties associated with burn wounds. The composition of the skin varies in 

different parts of the body and different ages (Farage, Miller and Maibach, 2010). Depending upon the 

aetiology, location on the body and severity of a burn injury, the layers of the skin that are destroyed 

will vary and hence so will the management. 

1.2.1 Embryology of skin 

 

 

 

 

 

Figure 1 Embryology of skin- The diagram highlights the transitional effects of gestation upon the structure 

of the skin. (adapted from Bolognia, 2012) 

The skin is the largest organ of the body with a surface area of over 1.8 square metres and 

contributing 15% of total body weight (Agache, Agache and Humbert, 2004). The skin and its 

appendages make up the Integumentary system. Embryonic skin starts developing in the 4–5-

week gestation period and is derived embryologically from mesoderm and ectoderm (Figure 1). 

The epidermis is derived from ectoderm and by the 7th week differentiates into an outer single 

layer of squamous cells called the periderm and a germinal basal layer (Figure 1). At this stage, 

the mesoderm has not differentiated and is called the mesenchyme (Sadler, 2011). Over the 

next few weeks, several layers develop into what is known as the intermediate layer between 
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the basal layer and periderm (Sant, 2008). At this time, the mesenchyme starts to develop 

collagen and elastin fibres and Melanoblasts, which eventually migrate to the epidermal 

basement membrane and form melanocytes. These melanocytes produce melanin, which gives 

the epidermis its colour (Del Bino and Bernerd, 2013). 

 

Figure 2 Development of hair follicles- Figure demonstrating the various stages of hair follicle development 

(left to right) (Adapted from Bolognia, 2012) 

 

Figure 3 Development of sweat glands- Figure demonstrating the various stages of sweat gland development 

over time (left to right) (Adapted from Bolognia, 2012) 
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Hair follicles sit within the dermis and are formed in embryological life by downward 

growth/invaginations of the epidermis into the dermis (Figure 2). Sweat glands are produced in 

the same manner, thereby providing deeper reservoirs of the epidermis, which can potentially 

repopulate any loss of epidermis (Figure 3). Burn injuries can cause damage to these structures, 

which will limit their viability. By understanding how skin layers are formed and the functions 

of the structures within the layers, we can ascertain burn depth and treatment options for burn 

injuries. 

1.2.2 Function and structure of skin 

Functionally the skin is important as it provides a physical barrier to infective organisms, 

chemicals and damaging stimuli. The leading cause of death in burns is due to infection as a 

result of loss of this barrier (Brusselaers et al., 2010a). Skin has many other functions, which 

include: sensory perception, thermoregulation, production of vitamin D, immunological 

defence and prevention of water loss. Burns injuries destroy the skin’s ability to prevent water 

loss, leading to life-threatening fluid deficits. Unlike many other organs, skin has an important 

role to play in a cosmesis and social interaction and it is here that small changes can have a 

huge impact on a person’s quality of life (Dréno, 2006). 

The skin is composed of two general regions–the epidermis, dermis and a subcutaneous layer 

(Figure 4). The structure and composition of the skin greatly depends on the area/position on 

the body, which has an impact on depth, recovery rate and potential complications of burn 

wounds. 
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Figure 4 Structure of skin and epidermis- A cross-section of the skin is shown to demonstrate the 

architecture of skin and its appendages. On the right the epidermal layer is enlarged to show a breakdown 

of its layers. (Adapted from Terfera and Jegtvig, 2012) 

 

Epidermis 

The epidermis provides the protective layer of the skin and is composed of many layers of 

stratified epithelium. Keratinocytes form the major cell type of the epidermis and it is their role 

of regeneration that is important during a burn injury. Keratinisation is a continual cyclical 

process and takes about 2–4 weeks, ending with sloughing off of the outer layer of 

keratinocytes. The process starts with the transition of keratinocytes from the deep basal layer 

to the corneum layer. As the keratinocytes progress through these strata, they mature and 

change morphologically, phenotypically and biochemically. It is this continual layering and 

refreshing which allows for protection from infection. The keratinocytes are bound together by 

protein bridges called desmosomes (Bensouilah and Buck, 2006). The epidermis varies 

between a thickness of 0.05 mm on the eyelids, to 1.5 mm on the feet. Our feet can withstand 

the constant friction placed upon them due these differences. 
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There are five layers of the epidermis (from bottom to top) (Figure 4): 

- Stratum basal (basal or germinativum cell layer) 

- Stratum spinosum (spinous or prickle cell layer) 

- Stratum granulosum (granular cell layer) 

- Stratum lucidum 

- Stratum corneum (horny layer) 

Stratum lucidum is only seen prominently in thick skin which can be found in the soles of the 

feet. Within the basal layer, melanocytes produce melanin to protect the skin from UV damage, 

whilst Langerhans cells reside in the spinosum layer providing immune support by acting as 

antigen-presenting cells. Alteration of the melanocytes and the wound beds can lead to either 

hypo or hyper-pigmented burns, which are more sensitive to UV exposure (Tyack et al., 1997) . 

 

 

 

 

 

 

 

Figure 5 Hair follicle showing the bulge region and how they repopulate the wound- Keratinocytes 

originating in the bulge region travel up the hair follicle to repopulate the depleted epidermis (Adapted 

from Herndon, 2018). 

 Bulge  

Region Movement of Keratinocytes 
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Dermis 

The dermis gives the structural support for the skin and loss of this layer leads to skin 

contracture. Unlike the epidermis, the dermis cannot regenerate into normal dermis after injury. 

The dermis sits beneath the epidermis, and between the two is the dermo-epidermal junction. 

The epidermal basal layer is attached to the basement membrane by anchoring filaments called 

hemidesmosomes. The dermis is attached by anchoring fibrins, which consist of type VII 

collagen. When there is disruption of these anchoring abilities to the basement membrane this 

causes blistering diseases and skin loss, such as is seen in the skin conditions Toxic Epidermal 

Necrolysis (TENS) and Stevens-Johnson Syndrome (SJS) (Harr and French, 2010). These 

disorders present similar problems to burns and the optimum management is in a burn intensive 

care environment. It is, therefore, pertinent to incorporate literature searches for these 

conditions for this study as they present similar issues to partial-thickness burns. 

The dermis is between 0.3 mm on the eyelids to 3 mm on the back. It is comprised of two 

strata: the papillary and the reticular layer. Many people have tried to recreate the dermis ex 

situ to prevent volume loss and contracture. However they are still unsuccessful in recreating 

the important appendages such as sweat glands and hair follicles (Shahrokhi, Arno and Jeschke, 

2014). 

Appendages sit within the dermis, such as the hair follicles and sweat glands, which help with 

temperature regulation and epidermal regeneration. On the outside of the hair sheath sits an 

area called the bulge region (Figure 5). It is from within this reservoir that stem-like cells 

reside. If the epidermis is lost, then skin regeneration is reliant on the stem-like cells travelling 

up and re-populating the epidermis. This explains why, even if the epidermis is lost, new skin 

can be formed (Gantwerker and Hom, 2012). 
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1.2.3 Burn local effects and mechanism of injury 

Definition of a burn 

As described by the World Health Organisation, ‘a burn is an injury to the skin or other organic 

tissue primarily caused by heat or due to radiation, radioactivity, electricity, friction or contact 

with chemicals. Skin injuries due to ultraviolet radiation, radioactivity, electricity or chemicals, 

as well as respiratory damage resulting from smoke inhalation, are also considered to be burns’ 

(WHO 2008) 

 

Figure 6 Jackson’s burn wound model: The three Zones of a burn are demonstrated showing a bull’s-eye 

like pattern (adapted from Jackson, 1953) 

The effects of burn can be divided into local and systemic. Jackson described a 3-zone burn 

wound model to describe the local effects (Jackson, 1953) (Figure 6): 

a) Zone of coagulation: area of necrosis and irreversible tissue destruction. 

b) Zone of stasis: Adjacent to the zone of coagulation, which describes at-risk tissue. This 

tissue has decreased tissue perfusion, which without optimal care will progress to necrosis. It is 

here within this area that deepening of burns can occur over the first 48 hours. 

Zone of coagulation  

Zone of Stasis 

Zone of Hyperaemia 
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c) Zone of hyperaemia: This is the tissue surrounding the zone of stasis in which 

inflammatory mediators cause widespread dilatation of blood vessels. Clinically, it has the 

appearance of erythema. After the acute phase this zone returns to normal perfusion. 

This concept of a central, irreversible area surrounded by a potentially reversible zone is similar 

to the reversible zone called the penumbra seen in strokes (Fisher, 2009). Much research in 

burns and stroke medicine has been dedicated to stopping the conversion of these zones. 

It is the evolution of the zone of stasis into the zone of coagulation that can deepen the burn 

wound, and cause difficulties with assessing wound depth. 

There are various factors that influence conversion of zones, and hence increase the depth of 

the burn. This is usually the result of a reduction in the microcirculation due to changes in 

blood pressure, localised oedema or thrombosis, which leads to tissue hypoxia (Herndon, 

2012). Animal models using hairless mice showed the dynamic changes associated with the 

zones of injury and Boykin et al. demonstrated a tenfold increase in the capillary occlusion 

during the first 48 hours after the burn (Boykin, Eriksson and Pittman, 1980). 

The further a burn wound evolves, there is an increased likelihood of removing the basal layer 

or reservoirs of keratinocytes, which are needed to form new epidermal layers. If the wound is 

not debrided (the removal of dead tissue), then it is difficult to assess the underlying skin and 

depth. Usually burn wounds are not homogenous but a mixed pattern, thereby complicating 

assessment. 

In an electrical burn the current travels through the body and creates entry and exit wounds. 

Between these two points underlying tissue damage can result from the heat generated by the 

current (Fankhauser et al., 2010). This damage cannot be calculated by visual assessment alone 

as this means the wound would be evaluated incorrectly. 
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If left unchecked the swelling of the underlying muscles can exceed that of the blood supply 

and lead to compartment syndrome, resulting in permanent muscle impairment. Lack of blood 

supply to muscles will lead to necrosis and permanent functional loss. Lower limbs are 

predisposed to this due to their anatomical arrangement, and it can be particularly difficult to 

assess and treat in hands and feet as they have multiple osteofascial compartments (Thakur et 

al., 2012). The treatment is not without its own morbidity as it involves opening the fascial 

compartments (fasciotomy) thereby potentially damaging other structures and causing new 

injuries. All the factors explained above highlight the importance of, and need for, accurate 

burn depth assessment and treatment of lower leg burns. 

1.2.4 Depth of burn 

Burn depth assessment is essential for the planning of wound care and prevention of scar 

formation. This however is a difficult task due to the evolving nature of burns. If a deep burn is 

not surgically excised, then it has the potential to become colonised with bacteria, thereby 

increasing morbidity and potentially mortality. Hypertrophic scarring becomes more likely the 

longer the burn wound is left. Therefore, it is important to assess depth as deeper burns take 

longer to heal. Burns that are likely to take longer than two weeks to heal in children, and three 

weeks for adults should be considered for intervention, as it is after these time frames that the 

risk of hypertrophic scarring becomes significant (Cubison, Pape and Parkhouse, 2006). 

Classification 

Importance is placed on the classification of the burn to understand the mechanism of injury, 

and intervention needed to speed up wound healing to prevent wound morbidity. The practice 

of classification of burn wounds varies around the world and in the literature. It is, therefore, 

important to understand the many different ways to describe burn depth as cross-referring 

different geographical and historical literature can be difficult to understand. According to 
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Lieutenant-Colonel A.V Forage (Forage, 1963) burns hadn’t even been classified until the 

invention of gunpowder to which Jean de Vigo (1483) categorised burns into superficial and 

deep. Since then, there has evolved a plethora of classifications. Two classifications are still 

used: (1) Degrees of burn (of which there are four) (Figure 7), which is more of a historical 

ordering based on bygone practices; and (2) Division on a structural basis, which is more 

commonplace and easier to understand as these structures will determine replenishment of the 

burn wound and healing times. Below are all the commonly used names for the different depths 

of burn for each subdivision. 

 

Figure 7 Burn depth levels- Skin layers with corresponding nomenclature indicating the depth of a 

representative burn in degrees (adapted from Hettiaratchy, Papini and Dziewulski, 2005) 

Epidermal 

(1st degree burns/erythema) 

The epidermal burns are erythematous only. They appear as pink, painful areas which blanch 

with light pressure and do not form blisters (Jaskille, Shupp, Jordan and Jeng, 2009). These are 

not counted as true burns and as such are not included in the estimation of total body surface 

area. These will heal over a couple of days by the shedding of the outer layers of the epidermis. 
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Superficial partial thickness 

(2nd degree burns (2 a)/Superficial Dermal Burns) 

These involve the epidermis and the superficial part of the dermis, leaving the deeper part of 

the dermis intact. These will usually have intact or ruptured blisters, leaving the dermis 

exposed, shiny, oozy and pink (Herndon, 2012). The wound will have a capillary refill of less 

than 2 seconds and become very painful. Rubbing with a finger may shear off the epidermis. 

These will usually heal within 3 weeks with no need for surgical management, and leave no 

scarring (Cubison, Pape and Parkhouse, 2006). They heal by migration of keratinocytes from 

the edge of the burn wound–these cells travel up from keratinocyte reserves surrounding 

adnexal structures, which originate deeper than the level of burn. There may be discoloration in 

pigmented skin, and this may take up to 2–3 years to resolve. 

Deep Partial thickness 

(2nd degree (2b)/Deep Dermal) 

These involve the epidermis, superficial dermis and mid-dermis. They appear as a dark shade 

of red (cherry red) due to the thrombosed blood in the dermal capillaries. This red staining is 

fixed and will not blanch with pressure. Due to the fact that the deeper adnexal structures are 

damaged, the reserves of keratinocytes are also lost. This means relying on migration of the 

cells from the wound edge and results in a healing time of more than 3 weeks. The risk of 

hypertrophic scarring starts to become significant and surgical intervention is considered 

(Cubison, Pape and Parkhouse, 2006). Specialised areas, such as the palms and soles of the 

feet, may be given the benefit of the doubt and allowed to see if they heal conservatively. If 

poor healing or scarring occurs, then reconstructive surgery is performed. 
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Full thickness 

(3rd degree/Subdermal) 

These involve all layers of the epidermis, dermis and subcutaneous layer. Characteristically 

they have a leathery eschar, which is either white or black (if carbonised)–and are insensate as 

the sensory nerve endings have been damaged. If they are small enough, then they can heal by 

wound contraction and migration of keratinocytes from the wound’s edge, but the majority of 

full-thickness burns will need surgical intervention to achieve positive wound outcome. 

Circumferential full-thickness burns can impair limb circulation and chest wall expansion by 

acting as a restrictive band (Tsoutsos et al., 2003). Re-establishment may require 

escharotomies, which are performed by incising the eschar down to the underlying fatty tissue, 

thereby releasing the pressure. 

Catastrophic 

(4th Degree burns) 

This is the term is used to describe full-thickness burns which have also damaged underlying 

structures, such as muscle or bone. Skin grafts will not take on areas with no blood supply or 

underlying necrotic tissue, tendon or bone. Vascularised tissue has to be brought in to provide a 

suitable wound bed to graft on, or reconstruction with skin with its own blood supply (i.e., a 

free flap) (Semer, 2007). A free flap with bone attached (osteocutaneous flap) can be used to 

provide structural integrity and replace contour deficits. 

The leg contains the “workhorse” free flaps for these types of reconstruction, such as ALT 

(anterolateral thigh) or free fibular flaps. The foot can provide an instep flap (Siddiqi, Hafeez, 

Cheema and Rashid, 2012) and toe to thumb transfers (Lin et al., 2011). Due to the unique 

properties needed for certain reconstructions, there may be only one choice for flap donor site. 
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However, little is known about the morbidity of lower-limb donor sites. The choice of which 

may lead to gait problems. If more were known, then this would provide surgeons with a more 

rounded view of the pros and cons associated with surgical interventions, and lead to informed 

choices over the methods ultimately used. 

Modalities to assess burn depth 

As previously discussed, burns are very difficult to assess due to their evolving nature. Training 

in the management of burns is seen as a postgraduate subject at medical school. Many 

healthcare workers are unfamiliar with basic burn first aid and assessment (Tay, Pinder, 

Coulson and Rawlins, 2013) which means treatment is delayed and the zone of stasis can 

transform, increasing the burn depth and subsequent morbidity of the wound. It is, therefore, 

vital to assess the wound correctly for its depth on initial evaluation so that optimum care can 

be given to the patient, including transportation to a burns centre if required. There are several 

different modalities to assess burn depth and as a result, it is difficult to cross-examine 

outcomes. 

Clinical assessment 

Clinical assessment relies on evaluation of burnt skin colour, sensation, appearance, blanching, 

and blister formation (Table 1). Depth calculation accuracy depends on the experience of the 

clinician and can vary between 60-75% (Monstrey et al., 2008), with indeterminate dermal 

burns being the most difficult to assess. Clinical assessment is highly accurate in very 

superficial and very deep burns and these do not require additional technological methods. 
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Burn wound assessment is moving away from depth accuracy instead to the ability to predict 

healing times at 21 days. Due to the evolving nature of burns wounds they should be reassessed 

after 48 hours to see if there has been any wound depth progression (Jaskille et al., 2009). 

There are several useful clinical adjuncts that are used for clinical assessment, these are as 

follows: 

• Blanching–Pressing on the burn to see the colour disappear and turn white. This is 

caused by the occlusion and emptying of the capillaries. In deeper burns the small 

capillaries have been burnt and thrombosed, leading to fixed staining. 

Classification Degree Layer of skin 

involved 

Examples Appearance Time to heal Sensation Blanching Bleeding 

Superficial 1st 

degree 

Epidermis Sunburn Redness but not 

blistered 

3-4 days 

keratinocytes 

regenerate 

damage 

Severe Yes Brisk 

Superficial 

Partial 

Thickness 

2nd 

degree 

(2a) 

Epidermis+ 

Papillary 

Dermis 

Scald Red/Blistered 

Moist 

2-3 weeks Moderate Yes Brisk 

Deep Partial 

Thickness (Deep 

Dermal) 

2nd 

degree 

(2b) 

Epidermis + 

Reticular 

Dermis 

Contact Dark shade of 

red 

> 3 weeks Mild Fixed 

Staining 

Slow 

Full Thickness 3rd 

Degree 

All layers 

involved 

Flame White/Black 

Leathery 

Never unless 

very small 

Absent Non 

blanching 

Absent 

Catastrophic 4th 

degree 

Through skin 

and involves 

underlying 

structures 

Flame White/Black 

Leathery 

Never Absent Non 

blanching 

Absent 

Table 1 Clinical assessment of burn depth- table outlining the various burn depths and their associated appearance, 

healing times and presentation factors 
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• Hair follicles–These lie in the deeper part of the dermis. Hairs that are easily dislodged 

by a small tug with forceps therefore indicate a deeper dermal burn. Soles of the feet 

have glabrous skin, which means that they have no hair follicles and therefore do not 

have the benefit of reservoirs of keratinocytes available for wound healing. 

• Clarke’s sign–Sweat glands originate deep in the dermis and protrude through the 

epidermal layer, resulting in sweat emerging from the skin. Clarke’s sign says that when 

there is sweating of the burn this indicates a more superficial injury as this indicates that 

the sweat glands are not damaged. 

• Pinprick tests–Although potentially a useful adjunct, pinprick tests can be painful and 

are therefore not used routinely. Brisk bleeding would indicate a superficial dermal 

burn. Delayed or absent bleeding would signify a deeper burn. 

 

Technology 

Due to the difficultly in assessing intermediate depth wounds clinically, a range of 

technological adjuncts have arisen to aid the clinician in deciding the intervention path to 

follow. These additions can be especially useful in areas where the depth of skin is specialised, 

or the area is aesthetically and/or functionally sensitive. For example, the foot has very thick 

skin on the sole and thin skin on the dorsum, which makes choosing the most appropriate 

reconstruction difficult due to its special skin characteristics and weight-bearing properties 

(Taylor and Gilbert, 1975). There are three main areas in which technology is being used to 

assist in burn depth assessment dilemma. These are (a) tissue perfusion, (b) surface colour, and 

(c) structural analysis. 
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A) Tissue perfusion 

It is assumed that a deeper burn will correlate with a lower blood perfusion due to blood vessels 

either being destroyed or thrombosed. Clinically we judge this by the blanching of the skin. 

The problem with all tissue perfusion measurements is that there are several other factors which 

can affect their readings. In the acute burns setting, patients’ respiratory rates are usually higher 

than normal due to increased anxiety and pain levels. Patients with extensive burns suffer 

hypothermia and hypovolemia due to the loss of the skin’s regulatory properties. 

To preserve the body’s core temperature and to counteract circulatory collapse the body 

undergoes peripheral shut down, meaning that assessment of hand and foot burns is made more 

difficult and relying on tissue perfusion methods alone, will give inaccurate readings. The room 

temperature itself will affect the rate of heat loss across the temperature gradient, and therefore 

many burns admissions rooms have heating equipment to reduce the rate of heat loss in the 

patient. Drugs which can be lifesaving may have a vasoconstrictive effect, which also decreases 

the perfusion to the limbs. Restriction of perfusion by the application of tourniquets to limbs 

may also be required as a lifesaving procedure to reduce blood loss in acute trauma and reduce 

intraoperative blood requirements during debridement. 

All these factors can then affect the accuracy of burn depth assessment. 

Laser Dopplers 

Laser dopplers are commonly used within the United Kingdom as an adjunct to clinical 

assessment to help indicate the need for operative intervention in difficult-to-assess burns. 

Laser doppler technology uses the measurement of light alteration to measure the velocity and 

number of moving particles. This picks up on the haemoglobin within the skin and thereby can 
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give an indication of perfusion (Jaskille et al., 2010) (Figure 8). Accurate assessment of 

perfusion is needed as Benitez et al. (2014), states perfusion of the lower limb is the most 

important factor in the healing potential of pedal wounds. 

 

Figure 8 Principle of laser dopplers–Diagram shows red blood cell movement detection by laser doppler 

(adapted from Benitez et al. 2014) 

- Laser Doppler flowmetry (LDF): 

Initially laser dopplers were introduced in 1975 and required contact from the scanner with the 

burn wound–this is known as LDF. This method was proven to be 70–100% accurate in 

predicting healing within 21 days and 93–100% accurate in predicting failure to heal. 

However, a number of problems were identified with the method, which included: 

- Contact needed with wounds leads to increased infection risk and pain 

- Pressure with probe, leading to occlusion and artificial results 

- Only a small area could be scanned (1 mm area) 

- Laser Doppler Imager (LDI): 

Due to the problems of the LDF requiring contact with the patient LDIs were introduced in the 

1990s. LDIs could scan a larger area and used a non-touch technique. The laser typically 
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penetrates 1–2 mm. Before 48 hours, accuracy in indeterminate depths is less than 80%, 

compared to 60–70% when using clinical judgement. They have therefore been recommended 

for scanning between 2–5 days. 

NICE guidelines (2011) recommend LDI use for all intermediate depth burn wounds. 

Depending on the make and local hospital policies it may be necessary to wear safety goggles 

when using an LDI. 

It is important to appreciate the historical use of laser doppler imaging and progressions in 

technology to understand the discussions of these methods within the literature. 

Laser dopplers measure inflammatory response. Therefore, a high reading would be expected in 

superficial burns. Unburnt skin has low blood flow and therefore will appear to look like a deep 

burn. 

Because the LDIs depend on blood flow, they are only accurate before the inflammatory phase 

of the burn declines and the dermal circulation stabilises. This occurs between 48hrs and 5 

Days. 

The results of the machines are recorded in perfusion units. Traditionally these perfusion units 

are scaled against healing times. The pros and cons of LDI imaging of lower limbs is important 

to understand, as they are unique anatomical areas and inaccurate interpretations can lead to 

incorrect management strategies being implemented to the patient’s detriment (Benitez et al., 

2014).  
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Figure 9 LDI image–Left to Right: Laser Doppler image of the plantar surface of the right foot, 

Indocyanine Green perfusion study, Correlating clinical picture (English, 2015). 

LDI Problems: 

Movement of the patient or machine, however small, gives an inaccurate image of perfusion. A 

deep burn can appear more superficial because the machine will analyse the movement as 

blood flow and thereby lead to misdiagnosis. 

Young children are particularly difficult to assess because they are less likely to cooperate and 

stay still during examination. Movement of the limbs during imaging would be interpreted as 

increased movement of blood flow within the tissues, leading to a diagnosis of a more 

superficial burn than is actually present. 

Undebrided, tattooed and darker pigmented skins affect the penetration of the laser and 

therefore will give low readings. 

The LDI must be parallel to the area of skin to be scanned to get the maximum recording of the 

reflected light. If this angle changes, then you do not get the full reflection of the laser, leading 

to a lower, inaccurate reading. This can happen on small areas (e.g., toes), where a body part 

curves away (e.g., ankles), or if the laser is not set up correctly. 



 

47 

Different areas of the body have different perfusions. Application of standardised perfusion 

unit scales to the whole body may lead to misdiagnosis. The foot has the lowest mean 

percentage perfusion in the body, so scanning of a burnt foot would show low perfusion and 

therefore potentially the injury could be perceived as a deeper burn (Harbi and Thacher, 2013). 

Other measures of tissue perfusion have been investigated to overcome the inadequacies of the 

laser dopplers. These include the following: 

- Injection techniques of either radioactive isotopes or dyes–presence would imply good 

perfusion and a superficial burn (Figure 9). However, these are invasive, expensive and not 

readily available. (English, 2015) 

- Video Microscopy uses a visual evaluation of vessel integrity 

- Thermography is a non-contact technique, which uses infrared radiation produced by the skin 

to assess burn depth. However environmental factors can dramatically affect readings. This is 

particularly true in extremities such as feet, due to their anatomical position, exposure to 

environment and high surface area ratio (Mazurek et al., 2016). 

B) Surface Colour 

Part of a clinical assessment is the colour of the wound bed, which can indicate the burn depth. 

Two scientific ways exist of conducting this: (a) photography and (b) spectrophotometry. 

Photography is increasing in popularity due to the increase in telemedicine usage. In obvious 

superficial and deep burns, it is purported to have 90% accuracy. However, without the ability 

to test blanching and so on, it is of questionable use in difficult-to-determine wounds. This does 

however facilitate the storage of images. 
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Spectrophotometry judges the wound surface colour by saturating it with light and analysing 

the resulting reflected light by the photometer. This provides a colour match to a spectrum, 

which gives an indication of the wound depth (Tan et al., 2017). 

C) Structural Analysis 

The gold standard is considered to be histological analysis by punch biopsy. These obviously 

only show an accurate analysis of a small sample of the burn wound but may not reflect the 

other areas surrounding the biopsy site. Because burn wounds are generally a mix of different 

depths, structural analysis is not feasible as the whole wound would need to be punch biopsied. 

For obvious reasons this technique is confined mostly to a research environment. 

Ultrasound at high frequencies has been shown to be of some use however it requires contact 

with the burn and is difficult to interpret. 

In theatres surgeons perform structural analysis by undertaking “test shaves”. This involves 

cutting back necrotic tissue until viable bleeding tissue is present, thereby indicating the extent 

of damage. The obvious disadvantage to this method is that it involves putting the patient under 

a general anaesthetic, which naturally has its own risks. 

1.2.5 Size of burn 

The extent of a burn injury is recorded as a percentage of the total body surface area (TBSA). 

This is vital as it guides the need for fluid resuscitation (the replacement of fluids following a 

burn injury) and outcome estimations (Pruitt and Wolf, 2009). Feet are estimated as 1.75% of 

TBSA (Lund and Browder, 1944). There are several methods for calculating the TBSA that 

have been developed since 1793. At this time, paper cuttings were first used to estimate TBSA, 

which continued through to 1879, when weight was used as an estimate. In 1916 Dubois and 

Dubois evolved the system to include height combined with weight. 
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Working out how much an area of interest contributed to the overall TBSA started in 1924 

(Boyd) and lead to the modern charts devised by Lund and Browder (1944). 

Accurate estimation of burn size can be laborious and time-consuming. Therefore, three 

effective and reproducible methods have been established. 

The three methods used for estimating %TBSA are (a) the Rule of Nines, (b) Lund Browder 

charts, and (c) the Rule of Palms (Figure 10) 

a) Rule of nines- In adults this rule is a quick estimate of %TBSA. The arms and head are 

9% each, Legs 18% each, Trunk (anterior or posterior) 18% and genitalia 1%. This rule 

was developed for adults–the proportion of a child’s body is different to that of an adult. 

b) Lund Browder charts divide the body into different areas that differ depending on the 

age of the patient. 

c) Rule of Palms- this estimates that the palm together with the palmar surface of fingers 

and thumb equates to 1% TBSA. 
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Figure 10 Methods of estimating burn extent a) Rule of Nines b) Lund Browder Chart c) Rule of Palms–

body maps for each method indicate how burn percentages are identified using different methodologies 

(Adapted from Hettiaratchy, Papini and Dziewulski, 2005) 

 

Even when using these three techniques it is possible to incorrectly estimate the burn TBSA by 

up to 161% (Giretzlehner et al., 2013). Inaccuracy of TBSA can lead to “over resuscitation”. It 

has been shown that conventional charts which calculate the sole of the foot as 1.75% may be 

incorrect, as foot percentage may actually be closer to 1% which would lead to skewing of the 

TBSA assessment (Janssen, Frew and Dziewulski, 2014).

1.2.6 Burn epidemiology 

As a general rule, the common causes of burns tend to differ between children and adults. The 

mechanism of the burn injury will dictate depth, management and outcome. 

Children most commonly suffer scalds after accidental hot drink spillages, resulting in mostly 

superficial partial-thickness burns. Adults more commonly suffer from flame burns than others as a 
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result of domestic explosions or clothes setting alight. These tend to cause deeper burns and 

potential associated inhalation injuries (Brusselaers et al., 2010b). Contact burns occur frequently as 

a result of touching a hot object such as an iron and will generally result in deep burns with a 

demarcated edge. 

These general patterns of burn injury causes across the population have aided education and 

prevention measures (Jabir, Frew, El-Muttardi and Dziewulski, 2013). 

Understanding the normal course of the burn can aid and support decisions on the allocation of 

resources (Ahn and Maitz, 2012; Sahin et al., 2011). 

Of course, not all burn injuries are accidental – this is particularly pertinent when assessing burns in 

children as child abuse cases are difficult to prove (Yasti et al., 2006). Non-accidental injuries can 

be highlighted only when the normal epidemiology is truly understood, and the abnormal 

distributions identified. A foot which has a clear, well-demarcated line may indicate immersion in 

boiling water, with sparing of the sole of the foot increasing suspicion as this may signify forceful 

holding of the child in contact with the bottom of the bath (Peck and Priolo-Kapel, 2002) (Figure 

11). 

 

Figure 11 Non-accidental injuries (NAI) feet burns–typical non-accidental injury seen with a uniform, 

circumferential pattern (Frew, 2018) 
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1.3 Burns management 

1.3.1 Phases of burns management 

There are thought to be seven phases of burn management which will be discussed in turn (National 

Burn Care Review Committee, 2001). These are the following: 

1. Rescue 

2. Resuscitate 

3. Retrieve 

4. Resurface 

5. Rehabilitate 

6. Reconstruct 

7. Review 

1 - Rescue 

This deals with removing the patient from immediate danger in a safe controlled manner without 

putting yourself at risk. There is an emergency management of severe burns (EMSB) course run in 

the United Kingdom. 

2 - Resuscitate 

Once the patient is in safe environment resuscitation may occur, involving if necessary 

cardiopulmonary massage (CPR). Due the nature of burns, fluid resuscitation needs to be given to 

children with a TBSA greater than 10% and 15% in adults (Al-Benna, 2011). Delays in adequate 

fluid resuscitation increases mortality rates (Latenser, 2009). 
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Over-resuscitation and fluid overload can lead to compartment syndrome, resulting in fasciotomies 

in the limbs. 

3 - Retrieve 

Once the patient is stabilised, they should be retrieved to a burns specialist team for optimum care. 

4 - Resurface 

Burns surgery 

All burns must have some resurfacing whether that be with a dressing or definitive management. 

Commonly a reconstructive ladder will be consulted (Figure 12), with the simplest options at the 

bottom and increasing in complexity until an appropriate selection can be made. Harvesting a split-

thickness skin graft creates a wound that is similar to that of a partial-thickness burn injury, so 

careful consideration should be taken when deciding whether to graft as the surgeon will create 

another wound with its own complication risks. The higher on the ladder the patient is, the more 

likely the patient is to have a donor site, which may cause its own issues. 

 

Figure 12 Reconstructive ladder–reproduced from the ABC of Burns (Hettiaratchy, Papini and Dziewulski, 

2005) 
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Conservative 

Conservative dressings play an important role in burn wound management encouraging an 

environment for wound healing whilst preventing infection. Traditionally dressings have three 

components: a contact layer, an absorptive layer and an outside barrier. There are many different 

combinations of these layers, with some dressings combining all three layers in one. Good dressings 

will provide a suitable environment for healing and limit the risk of the burn wound converting in 

depth. The correct dressing depends on anatomical site, wound bed, depth and size (Selig et al., 

2012). Bulky dressings lead to restriction and reduced range of motion at joints–this is especially 

true with foot dressings. Currently in development, there are glove dressings for hands, but as yet 

there is nothing like this for feet. It is important for patients with foot burns to be able to weight-

bear so appropriate dressings need to be formulated that allow the foot to function as normal. 

Graft 

Skin grafting is the transplantation of skin onto a wound without a blood supply. This can be the 

patients’ own skin (autograft) or cadaveric (allograft) skin (Hallock and Morris, 2011). There are 

two types of skin graft (determined by depth): (a) split thickness or (b) full thickness (Figure 13). 

 

Figure 13 SSG versus FTSG comparison–diagram demonstrating the levels at which grafts are taken (Hedges 

and Roberts, 2014) 
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A - Split-thickness grafts are harvested using a manual or electric blade, which removes all the 

epidermis and part of the dermis from a healthy area of skin, known as the donor site. These are 

commonly used in burns surgery as they can be harvested from many different areas and have the 

ability to stretch (Figure 14). The grafts however will also start to shrink over time, which can lead 

to the formation of contractures. Scar contractures can limit function, especially when crossing 

joints. The donor site, as a secondary wound, will take at least 14 days to heal and is a painful site 

that can sometimes cause more discomfort than the burn wounds themselves (Geary and Tiernan, 

2012). Once donor sites are healed these can be re-harvested to cover further areas (if needed). 

 

Figure 14 SSG preparation–diagram shows how skin is harvested, meshed, and then expanded to cover the 

greater surface area of the wound (Kalaskar, Butler and Ghali, 2016) 

B - Full-Thickness grafts are excised from donor areas, removing all layers of the skin. The donor 

sites are much smaller than those used for split-thickness skin grafts and can therefore usually be 

directly closed. As the grafts are thicker, the amount of contraction is lower, therefore causing fewer 

problems. However, the areas from which full-thickness grafts can be harvested are limited. 
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Grafts can fail due to three main reasons: (1) Infection, (2) Fluid collection between the graft and 

recipient wound bed, meaning it was too far for the blood vessels to supply the skin, or (3) Shear, 

when movement of the graft on the wound bed disrupts and breaks any newly formed blood vessels. 

Post-operative early mobilisation can help long-term functional outcomes. However, it can also 

increase the risk of graft loss (Nedelec 2012). 

Flap 

 

 

Figure 15 Different types of flap reconstruction–diagram shows how each flap is harvested and highlights the 

differences between them (Fujioka, 2014) 

 

This is when a piece of tissue is taken with a blood supply attached. Flaps may be used instead of a 

skin graft when a skin graft would not ‘take’ or where a graft could be lost. 

Flaps can be classified as local or free flaps (Gutowski, 2007) (Figure 15). 



 

 

57 

- Local Flaps- pieces of tissue that are still attached to the blood supply of the patient and 

moved to cover a nearby defect. 

- Free Flaps- Pieces of tissue harvested with the blood vessels intact within the tissue, which 

are then ‘plumbed in’ to a recipient blood vessel at the wound site to re-establish blood 

supply to the flap. 

Typically for large burn wounds split-thickness grafts are used, as these will give the greatest 

coverage. However these can tighten and cause longer-term problems such as contractures which 

are a foremost risk over major joints and may effect patients post survival function (Schneider et al., 

2006). 

Free flaps would present a great alternative to grafting as they provide the ideal combination of 

vascularised tissue with underlying structural integrity which infers little to no shrinkage. Free flaps 

however are not to be undertaken lightly as they involve microsurgical techniques, which can cause 

intraoperative problems due to the prolonged operative duration of the surgery. Intensive post-

operative monitoring needs to be undertaken regularly in an high dependency environment with 

hourly observations for the first 72 hours (Cornejo et al., 2013). The free flap does not just rely on 

its own blood supply but on the recipient vessels, which can be damaged due to patients’ 

comorbidities or mechanism of injury. If more were known about the risks and benefits of using 

flaps and the morbidity of flap donor sites, then a highly-evidence-based decision could be made for 

reconstructive choice (Jabir, Frew, El-Muttardi and Dziewulski, 2014). 

When there is not enough of the patient’s own skin to cover the burn wounds, cadaveric skin will 

generally be used. This, however, is a temporary wound coverage and the skin will ultimately be 

rejected (Vloemans, Middelkoop and Kreis, 2002; Horner et al., 2011), so some novel techniques 

have been developed to use the patient’s own skin to the best of its ability. It is possible to mesh the 
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split skin-graft tissue, thereby increasing its surface area and making it possible to cover greater 

areas of wounds with smaller amounts of donor skin. Another technique is to take a donor area of 

skin and harvest the keratinocytes, which can then be delivered to the wound bed to regenerate and 

cover a large area (Frew et al., 2013). These different techniques all have their own advantages 

from a wound healing perspective. However, the true benefits of the different types concerning 

functional outcome is not known. 

5 - Rehabilitate 

To reintegrate the patient back into society, they need to not only survive but also function, and this 

takes a great multidisciplinary team (Serghiou, Cowan and Whitehead, 2009). 

The main principles of rehabilitation for the burns patient are to preserve joint range of motion, 

maintain/improve functional ability, educate the patient on scar management and ultimately return 

the patient to as high a level of functional independence in the community as possible (Herndon, 

2012). 

To counteract the adverse effects of different reconstructive options the therapists use a vast array 

of techniques that are based on historical and experimental practices. 

Treatment modalities employed: 

A) Positioning 

An important part of early treatment whilst the patient is an inpatient is appropriate positioning, as 

this helps to reduce oedema, protect joints by reducing contractures and hopefully maintain range of 

motion. One way of achieving optimal positioning is through the use of splints. A common risk 

factor in critically ill bed-bound burns patients is that due to the effects of gravity and immobility 
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their feet may adopt a plantar-flexed position. This is prevented by splinting the foot into a 

plantigrade (neutral) position so that the foot is in a more functional position for when the patient 

gets to the stage of weight bearing again. (Serghiou, Cowan and Whitehead, 2009). Foot/ankle 

splinting will be used in conjunction with stretches and bed exercises to maintain range of motion 

and hopefully increase functional outcome. The general rule of splinting is to place the affected 

joint/limb in a position which counteracts the anticipated deformity and promotes function (Jordan, 

Daher and Wasil, 2000). Although it is theoretically sound, the evidence for static splinting and 

indeed the regime is somewhat in doubt (Schouten, Nieuwenhuis and van Zuijlen, 2012). It is now 

debated whether stretching at the wrong time may increase scar contracture formation. Research 

looking at range of motion and functional outcome looking at patients who have undergone 

different therapy regimes may help to address this. 

B) Functional ability 

Therapists play an active role in helping restore functional ability. Patients with extensive burns 

undergo muscle atrophy due to a hypermetabolic state creating a higher nutritional demand and 

mobility issues. Early mobilisation helps the therapist increase the range of motion, muscle strength 

and general fitness levels (Ebid, Omar and Baky, 2012; Grisbrook et al., 2012; Suman et al., 2001). 

In the acute ITU patient, this will incorporate positioning with passive stretches. As the patient 

progresses, more emphasis will be placed on active Range of Movement (ROM) exercises and 

activities and incorporating activities of daily living (ADLs), such as feeding, washing and dressing 

as appropriate. 

Mobilisation has its benefits, however grafting and burns reconstruction can be compromised by 

shear created by the act of movement. This has led to a dilemma of when to commence mobilisation 

post-surgery (Luczak, Ha and Gurfinkel, 2012). 
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The ability to spot functional growth potential can help with identifying patient need and long-term 

discharge destination (Palmieri et al., 2012). 

Outcome measures have been traditionally used from other fields of medicine, which are not 

necessarily suitable for the unique problems that burn patients present. Adaptation and validation in 

the burns setting is vital to assess outcomes of interventions. A successful first step into this has 

been carried out by Smailes (Smailes, Engelsman and Dziewulski, 2013) for general ADLs. 

However, as yet there is nothing for lower-limb burns. 

Education forms a huge part of the therapist’s role in the rehabilitation of burns patients. It is 

important for patients to understand and appreciate the process of burns management, so they can 

take an active role in their recovery. Therapy intervention incorporates teaching the patient and their 

families/caregivers about burns management and the reasons for treatment procedures. Patients with 

extensive burns may never reach full functionality, so the therapist’s role is to help them to adapt 

activities to compensate for their disabilities. 

Regular rehabilitation not only gives patients a point of contact but interventions also lead to 

improvements in patients emotional well-being (Yohannan et al., 2012). 

When the burns have healed, therapy intervention moves onto scar management. This encompasses 

moisturising and massage of the scars, maintaining ROM and, as appropriate, silicone therapy and 

pressure garments. Silicone and pressure garments are widely used as a treatment modality for 

reducing burns scarring but the effectiveness of both is still to be proven scientifically (Karimi, 

Mobayen and Alijanpour, 2013). Correct fitting of pressure garments can be difficult. Indeed, it was 

found that higher pressures than needed were exerted on the feet from garments (Harries and Pegg, 

1989) Garments need to be worn for 23 hours, which can be uncomfortable and therefore have a 

detrimental effect on patient compliance. Pressure garments on the feet worn under shoes become 
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very hot and friction from the garment leads to blisters (Macintyre and Baird, 2006). More recently 

new technologies are being advocated to change the modality of scars. These include hydrotherapy, 

microneedling, depressomassage shockwave and laser therapy (Kim, Park, Jang and Son, 2009). 

However, these are in the early stages with case-based reports and no evidence on the ROM 

improvement. 

Rehabilitation programmes need to be tailor-made for each patient, in accordance with their injuries 

and progression from injury to recovery. There are often barriers to therapy, which include: anxiety, 

pain issues, compliance, conflicting medical conditions, and post-surgery protocols (e.g., bedrest). 

There is little scientific proof of the efficacy of many of the treatment modalities used in current 

burns rehabilitation, despite keen interest in this area (Karimi, Mobayen and Alijanpour, 2013). 

Much of burn rehabilitation has been adapted from other specialties and even conventional practices 

are now being called into question (Engrav et al., 2010). 

6 - Reconstruct 

Reconstruction is often necessary for burns scaring, contractures or structural loss. This can be for 

cosmetic reasons such as nose reconstruction but more commonly for contracture release which is 

impeding on function (e.g., in the axilla or back of the knee) (Schneider et al., 2006). 

Reconstruction can involve expansion of local unburnt skin to cover an excised burn contracture. It 

often takes months to slowly expand the skin to the desired size. During this time the patient must 

cope with the aesthetic implications of the expanded area and avoid trauma to the site. In areas such 

as the lower limbs, this naturally can be very difficult to manage (Elshahat, 2011). 

Fat grafting is becoming a new vogue in the plastic surgery environment to correct contour deficits 

and padding. Skin grafts only address skin coverage, leading to a lack of fat padding. Feet could 
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benefit from this new approach, so that the surface area integrity needed for mobility is preserved 

(Coleman and Saboeiro, 2007). Sometimes patients undergo amputation of limbs or feet when the 

reconstruction may have worked from a skin coverage perspective, but the resulting position is 

impeding or restricting function. 

7 - Review 

Burns patients generally have long-term follow ups, with patients usually attending when new 

problems arise. Patients will commonly have a ‘wish list’ of procedures to be completed. It is, 

therefore, important to know which areas will improve their form and function most, as it may not 

be possible to correct them all at once. 
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1.3.2 Burns mortality 

Burns survival has greatly improved over the years due to improvements in critical care, specialist 

burn centres and early aggressive treatment of burns (Krishnan et al., 2012). Mortality statistics are 

reported as between 5–15% (Sheppard, Shelley, Philp, Dziewulski, 2011), with our own unit having 

a 1.9% mortality rate. 

 

Figure 16 ABSI Scoring - scoring system which attributes scores to variables, which in turn indicates burns 

mortality (Sheppard et al., 2011) 

In 1961, Baux described the first scoring system for mortality as follows: 

Age + %TBSA burn = Mortality 

Since 1961, there have been many other scoring systems, such as the Abbreviated Burn Severity 

Index (ABSI) 1982 which used five variables that were found on multivariate logistical regression 

to score survival probability (Sheppard et al., 2011) (Figure 16). However, as recently shown by 
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Roberts et al., these scoring systems are based on old data and need updating (Roberts et al., 2012) 

(Figure 17). 

 

Figure 17 Figures from Roberts et al. (2012). - shows mortality decrease over years and mortality against Baux 

score. 

As surgical and medical technology improves, survival from extensive burns would appear to be 

increasing such that catastrophic burn scores are no longer a reliable indicator of patient survival. 

To evaluate the effectiveness of new interventions across facilities is difficult due to differences in 

practices in each unit. This has led to the introduction of cumulative sum (CUSUM) techniques, 

which allows monitoring within a service of expected results against actual on a real time basis. 

This allows for the identification of excellent or poor periods and the facility to understand which 

interventions were made during that period (Roberts et al., 2013). 

This advance in acute care of burns patients has now lead on to issues of chronic disability and 

morbidity in those patients who survive what were previously considered to be unsurvivable burns 

(Dyster-Aas, Kildal and Willebrand, 2007). The improvements of survival rates in burns now means 
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that clinicians can shift their focus from mortality to making advancements in patients’ long-term 

morbidity.  

Penfield (1937) mapped the variation of sensory and motor neurons in the brain compared with 

different anatomical regions. The hands and face had the biggest representation, with the smallest 

areas being the lower limbs, particularly the feet. Much importance has been given to the hands and 

face, which may be explained Penfield’s research, and by their roles in social interactions and need 

for communication. Therefore, the lower limbs and feet have not had as much attention drawn to 

them in research literature. Nawrocka et al. (2019), has shown the importance of ankles and feet, in 

work ability, and physical activity when considering musculoskeletal disorders. However, the effect 

of burns is unknown.  
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1.4 Isolated foot burns 

Foot burns represent a unique area within the burns repertoire due to difficulties in categorisation 

and management. As with any burn, there is an individual pattern of injury for each patient, but 

prevalence of burn types can be associated with cultural or environmental factors. In Uzbekistan 

(Shakirov, 2005) sandal heaters cause most (57.9%) of the deep pedal burns whilst this method of 

burn injury is non-existent in the United Kingdom. This compares to a paper in Wales that reports 

scalds to be the major cause of pedal burn injuries (35%) (Hemington-Gorse, 2007). Knowledge of 

commonplace burn injuries can help highlight potential Non-accidental injuries (NAIs), which 

warrant further investigation (Chester et al., 2006). Typically, NAIs are caused to lower extremities 

and tend to present as symmetrical and/or clearly demarcated wounds with an inconsistent 

description of the cause of injury (Maguire et al., 2008). 

Burn wounds can be difficult to assess due to the distinctive range of skin thickness, from very thin 

skin on the dorsum of the foot to thick skin on the sole. The glabrous skin on the plantar aspect is 

unique in structure and therefore its regenerative capabilities are also distinctive. This therefore 

provides a dilemma of accurate identification of burn depth, and subsequent treatment varies 

depending on the experience of the surgeon assessing the wound. Currently there are no universally 

implemented standardised patterns or treatment pathways for foot burn management. An 

understanding of the effects that burns to the feet have on patients can help highlight likely length 

of stay, equipment needs, return to function (including return to work) and the potential costs for 

both the burns unit and the patient themselves (Ahn and Maitz, 2012). Foot burns can have a 

dramatic effect on the functioning of the patient’s whole lower limb, leading to abnormalities of 

gait, weight-bearing status and morbidity (Silverberg et al., 2000). Although there are 

recommendations in guidelines that burnt feet should be treated as major burns, they are often 
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treated on an outpatient basis due to a lack of standardisation of care (Hemington-Gorse, Pellard, 

Wilson-Jones and Potokar, 2007). 

 

1.4.1 Isolated foot burn review of the literature 

There are very few articles looking at isolated foot burns. Seven in total broach the subject. All the 

papers are retrospective studies, looking at burns within different time frames and different 

geographical populations. What is apparent from the literature is that there is no one single paper 

that comprehensibly identifies patients at risk, as they all have their limitations, or do not measure 

outcome measures such as function and quality of life. Thereby each paper will be looked at 

individually in turn, before being looked at collectively to find any themes within the isolated foot 

burn aetiology. 

Paper Type Patient population Patients (N) Location 

J. Barret 2004 Retrospective Paediatric foot burns 40 Texas 

Shakirov 2005 Retrospective Only deep foot burns 126 Uzbekistan 

Sinha 2006 Retrospective Paediatric contact 

burns <5 years of age 

74 Arizona 

Hemington-

Gorse 2007 

Retrospective All foot burns 233 Swansea 

Winfield 2008 Retrospective Paediatric foot burns 155 Florida 

Barsun 2011 Retrospective Adult diabetic burn 

patients with foot and 

lower limb 

68 California 

Kimball 2013 Retrospective Adult burns +/- 

Diabetes. Isolated leg 

and foot 

207 New Jersey 

Table 2 Comparison of isolated foot burn papers by type, year, patients and location of burns centre. 
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Analysis of individual papers 

Barret 

Barret reviewed 40 patients with plantar burns, identified from a ten-year period at the Shriners 

Burns Hospital in Texas. The time frame reviewed was a 10-year period between 1989 and 1999. 

All patients were children, but the age range is not explicitly identified.  The most frequent burn 

mechanism identified was contact with hot coals, with the rest of the patient group being divided 

equally into flame injuries and scalds. All patients were managed with silver sulfadiazine, without 

showing any critical evaluation of this method in comparison to other treatment regimes. As 

previously discussed, the characteristics of foot skin change depending on region; considering this 

paper only described sole burn injuries, the results cannot be generalised for the rest of the foot. 

Whilst stating that burns scarring can have detrimental effects, the paper does not specify any way 

in which this was measured. Although no complications were stated, the discussion makes it 

apparent that some unknown number of patients had late complications and contractures. Barret 

acknowledges the significant problems of plantar burns and gait, with one patient experiencing 

walking problems; The paper makes no effort to put this into the context of their findings, or state 

any measurements made because of this.  

Shakirov 

This retrospective study examined 126 paediatric patients across a 9-year period from 1990-1998, 

admitted to the Samarkand Inter-Regional Burn Center in Uzbekistan. Age range of the children 

identified was between 0 and 14 years of age, with 62.7% of these being in the under-3 category. 

Burns causes were categorised as sandal burns (from sandal heaters), hot ash and asphalt burns, 

flame burns, chemical burns, hot metal burns and ‘other’ burns. Sandal burns were the most 



 

 

69 

prevalent cause of burn, accounting for 57.9% of the total population group. The reported 

populations consisted only of patients with full thickness burn wounds, there was no mention of the 

management of more superficial injuries. It is mentioned that some patients had other anatomical 

areas burned, such as hips, but the actual number is not reported; this paper cannot truly be deemed 

as isolated foot burns. An antibiotic topical treatment regime and leaving injuries undebrided for 7-

9 days, are not common practice in Western medicine. Therefore, the application of the results of 

this study are put into question for other settings. No measures of acute outcome demographics or 

length of stay were stated. The paper appears to not show critical analysis of their procedure and 

outcomes, but rather just states what has been achieved within their department. 36.5% of patients 

had long term complications, with contractures; but there were no measurements of range of 

motion, strength, or gait.  

Sinha 

Over a 5-year time period, between 2000 and 2005 Sinha studied 74 paediatric patients. Patients 

were aged 5 years and under, who had been treated for contact burns to the foot. The reason for 5 

years being the upper limit of their criteria is not justified. The aim of the study was to look at the 

unique issue of burns from heated surfaces during summer months in Southwestern United States. 

The author of the study examined the range of causes for burns from contact, and then subdivided 

the groups according to their research question. This meant that the study size of 74 patients was 

identified from an initial group of 182 children with foot burns, thereby giving a much narrower 

observation of the data and not a review of all foot burn aetiology. It is also not a complete 

reflection of a paediatric population due to the small age range. It must be questioned how many of 

these patients who were identified as foot burns had other areas of their bodies burnt due to the 

mechanism of injury. Some are mentioned as having ‘crawled’ on hot surfaces. Indeed, one case 
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photo in the paper shows a child with burnt feet and knees. Also, the use of only contact burns does 

not allow for any understanding of other common burn causes. Due to the inclusion criteria, there 

was a disproportionate number of plantar burns, and thereby, only one patient was grafted, meaning 

outcome data cannot be extrapolated. 

Hemington-Gorse 

This retrospective study of 233 patients, looked at both adults and children, treated at The Welsh 

Regional and Plastics Surgical Unit, which serves the whole of South and Mid-Wales. The initial 

number of patients identified was 289, but 56 of these patients had to be disregarded from the study 

due to incorrect coding and missing sets of notes. The paediatric group were identified as 

individuals under 16 which is at odds with the other studies identified in the literature review, who 

class adults as > 18 and, therefore, anyone under 18 as paediatric. A complication rate of 18% is 

stated, with 8% having scarring; these were not put into context with range of motion, strength, and 

gait. Length of stay was shown with an average of 7 days, but no further analysis was conducted to 

understand why this average occurs. Isolated foot burns have been stated but not described, which is 

worrying given that one patient is described as having a below knee amputation. 

Winfield 

This study reviewed 155 paediatric patients with an age range of 0.67 to 17 years (therefore 

paediatric being determined as <18years of age) with burns isolated to the feet and ankles. The 

patient group attended the Burns Centre in Florida between the years of 1992 and 2006. The centre 

is located in a rural region and covers a three-state referral area. It can be assumed that the ankle 

burns are classed as ‘dorsal’ burns as no reference is made specifically to isolated ankle burns 

within the study and the locations are described only as plantar, dorsal or both. The majority of the 
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burns were from hot ash at 69%, with the remainder divided among scalds, steam, grease, contact, 

and flame. Scalds were the second highest cause of burns at 16.1%, and flame were third at 7%. The 

burn mechanisms are limited and therefore there is no comparison that can be drawn with other 

mechanisms of burn injury. 10 patients had contracture formation, however the effect of this 

regarding range of motion, strength, and gait, was not recorded. Due to the rural location of the 

study, the numbers of ashes, embers, and coal burns may not be proportionally representative with 

other regions of the world. Length of stay was a median of 5 days, however there was no analysis of 

factors that may have influenced this. 

Barsun 

Only adult patients (over 18 years old) with diabetes and lower extremity burns, including feet 

burns, were studied making it difficult to extrapolate any conclusions about the wider foot burn 

population. These 68 patients were admitted to the Firefighters Burn Institute Regional Burn Center 

in California in a 10-year time period between 1999 and 2009. The causes of injuries were 

identified as burns caused by hot water, warming feet, hot surface contact, spillages, flame burns, 

and other (e.g., frost bite). There were six cases of unknown aetiologies. This study covers up to 

15% TBSA, given the previously discussed TBSA literature, the burns in this study may be lower 

extremity burns but could not be considered isolated burns. Diabetic patients usually have a number 

of comorbidities and higher propensity of complications than general populations (Dijkstra et al., 

1997; Margolis et al., 2003). One of these complications can be polyneuropathy, leading to 

insensate feet causing different tendencies for mechanisms of burns, and wound healing problems. 

There was a high complication rate with 44% experiencing infections and 3% deaths; however, 

complications such as scarring and reduction in function were not mentioned. Mean length of stay 
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was 15.2 days, with a range of 1-95; this would have been heavily influenced by the comorbidities 

associated with diabetic feet. 

Kimball 

Kimball studied 207 adult patients, with isolated foot or leg burns. Adults were identified as >18 

and attended the Saint Barnabas Medical Center in New Jersey between 1999 and 2009. The 

diabetic group comprised of 43 patients, compared to a total of 164 patients who did not have 

diabetes. In both the diabetic and non-diabetic group, the main cause of burns were scalds. Flame 

and contact burns were second and third respectively. Length of stay outcome, was found to be 14.1 

in the diabetic population compared to 9.8 in non-diabetic patients; this is similar to the Barsun 

paper which showed an average of 15.2 for diabetic patients. The infection complication rate in this 

paper (4.7%) compared to the Barsun paper, has a 40% discrepancy; this is a large discrepancy. 

There were no functional outcome assessments conducted, and a limited set of complications 

recorded. 
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Summary of individual papers 

Five of the seven articles relate to varying American populations, one is from Wales (UK) and one 

is from Uzbekistan. This therefore gives an interesting overview of the prevalence, epidemiology 

and treatment modalities of burns in contrasting countries across the world. 

Questions could be raised about whether this is a true representation or a publication bias towards 

affluent, developed countries in the west, and maybe more articles could be located if non-English 

search terms were used whilst reviewing the literature databases. 

Four of the articles deal with paediatric populations in isolation, whereas the other two focused on 

adult patient groups. Just one paper looks at both adult and paediatric populations. 

In only two of the articles does it stipulate that the patient population analysed specifically had 

isolated foot burns alone with no other injuries (Barret, and Hemington-Gorse). However, Barrett 

only dealt with paediatric cases and Hemington-Gorse lacks analysis in multiple areas. The authors 

of two of the other articles (Barsun, and Kimball) talk about feet burns and mention that other parts 

of the lower extremity were involved. It is, therefore, difficult to distinguish which of the cases are 

true isolated foot burns. Sinha et al. refers to feet burns as the subject of the study but discusses 

cases where children have crawled on all fours and thereby burnt other areas such as the knees and 

hands. 

Kimball et al. review burns in the adult population, comparing those with diabetes against those 

without. Barsun et al. purely focuses on patients with diabetes and burns. Several of the papers were 

included which did not have true isolated foot burns. However, due to the paucity of literature, no 

worthwhile data could be extracted. 
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Patient demographics 

Hemington-Gorse et al. identified the largest patient group of isolated foot burns in their study, 

which covers both adults and children. Barret et al. had a study size of 40 participants across a ten-

year period and these were purely plantar burns, consequently it is likely that a larger size of 

isolated foot burns could be available to draw information from, although this was not the purpose 

of their review. Being a specialised paediatric hospital, there would be a disproportionate 

representation of pedal burns. Although Kimball had a large study group, the burns were not 

classified as purely isolated foot burns and therefore it is difficult to distinguish the true incidence in 

this study. All the studies, with the exception of Shakirov, stated the distribution of gender 

demographics, showing the male population having a propensity to sustain these types of burns 

rather than their female counterparts. 

The paediatric studies all sampled the full representation of paediatric ages, apart from Sinha et al., 

who specified their dataset at children under 5 years of age. However, Hemington-Gorse differs 

from the other studies in that the age for paediatrics was set at < 16 years rather than < 18 as in the 

rest of the studies. Because the adult population was also reviewed in this research, the necessary 

comparisons could be made if they were to re-review the data. 

The incidence of feet burns is reported by Hemington-Gorse as 47 patients per year. However, in 

the other studies the populations from which they have taken their patients are not specified, 

meaning that the incidence of these injuries cannot be derived. 

The study by Sinha et al. is the only study to look at seasonality which shows that contact burns are 

more likely in the summer months, but how this compares to other mechanisms of injury is by the 

nature of the paper unknown. 
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Burn demographics 

Mechanism 

Since the studies identify different patient groups within varying geographical locations, the causes 

are varied and difficult to compare to provide a complete picture of isolated foot burns across the 

available literature. In Hemington-Gorse’s study the majority of paediatric and adult burns were 

caused by scalds as the primary cause (35% in adult; 65% in children). Chemical burns were almost 

equal in the adult population at 32%. Contact burns made up 25% of the adult aetiology, compared 

to 33% in children. The adult population included a set of burns called ‘other’ which included 

electrical and friction burns, whilst in the paediatric group the mechanisms were scalds, chemical 

and contact only. It should be noted that there are geographical variations in population composition 

which would affect the presenting mechanism of injury (Khan et al., 2007). Therefore, more 

localised reviews of epidemiology would provide a greater accuracy of data. 

Sinha et al. only reviewed patients with contact burns whilst Barsun et al. restricted his paper to 

diabetic patients. Therefore, these two papers are not a good representation of foot burn patients. 

 

Depth 

All studies discuss varying depths of burns but due to the differing terminology in different units it 

is not easy to make clear comparisons about burn depths noted in foot burns, especially as there are 

so many variable factors within different population samples. Barsun et al. only briefly mentioned 

that 57% of the burns in their sample were full thickness in the abstract but did not mention this in 

the main body of the article and did not specify what the depths of burns were in the remaining 43% 

of patients. Shakirov’s patient group consisted only of patients with full-thickness burns, or full 
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thickness with deep tissue involvement. None of the papers related depth of burn and mechanism of 

injury, or outcomes. 

 

Distribution 

All the studies reviewed feet burns but in five of the studies, patients with burns to other parts of the 

leg were also included in their dataset. Only Barret and Hemington-Gorse et al. truly sampled 

isolated foot burns in their studies, and Barret’s sample group were limited to plantar burns solely. 

However even Hemington-Gorse does not identify the parts of the foot involved. This therefore 

gives a limited overview of true cases of isolated foot burns and therefore justifies the need for 

further research into this area of burns. 

 

Interventions 

Treatment modalities were varied and the focus on treatments were different within each study. 

Shakirov explained in detail the medical management of the burns included in their study which 

saw all 126 patients undergoing surgical procedures (necrotomy and grafting) regardless of their 

state of healing. This differs greatly from the other studies. Barret outlines that only 7.5% of their 

study group received surgical intervention, as excision and grafting was only considered necessary 

with those children with extensive plantar injuries. This contrast is probably due to Barret’s study 

having a smaller number of patients with full-thickness burns (30%) and no mention of patients 

having catastrophic burns involving other tissue structures. The paper highlighted differing 

approaches to burn treatment, most considering surgery as a last resort as opposed to standard 
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management. A total of 82% of patients in the study of Barsun et al. underwent skin grafting due to 

problems with wound healing attributed to diabetes. Hemington-Gorse et al. outlined that 25% of 

the patients in their study underwent surgical management, consisting of excision and autografting, 

and three patients (1%) underwent subsequent amputations. 

The incidence of amputation was higher in the diabetic sample group reviewed by Barsun et al., 

with 16.2% of patients requiring amputations of varying extent. Kimball et al. are the only study to 

mention allografting (grafting with cadaveric skin) as a treatment modality. 

Sharikov was the only study to mention chemotherapeutic solutions as a treatment modality. These 

were used in preparation for autografting to accelerate the ‘rejection of necrotic tissue,’ which 

allowed autografting to be completed at least three days earlier. 

These papers show a variety of treatments with varying populations, resulting in an unclear picture 

of what treatment method is most beneficial. It would therefore be important to improve the 

literature with an investigation involving outcome measures and treatment methods. 

 

Outcomes 

Complications were discussed in all the studies, but the extent of detail attributed to these and 

classification of complications varied greatly. Barsun et al. describe a complication rate of 90% 

within a diabetic population as well as three deaths. Kimball et al. noted that there was no 

statistically significant incidence of complications in the diabetic vs. non-diabetic groups except 

that the rates of renal failure were higher (p<0.05). Hemington-Gorse et al. also noted that patients 

with diabetes also had higher rates of complications than any other group of patients with 
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comorbidities, including smokers. Shakirov described complications as contractures, ulcerating 

scars and partial dislocations. 

Because some of the articles deal with adult burns and others with paediatric burns, outcomes are 

difficult to compare as paediatrics do not tend to have the same comorbidities or functional needs as 

adults which affect outcomes. Unfortunately, most of the results of Hemington-Gorse et al. were 

reviewed with the adult and paediatric populations as one whole group, so it is difficult to interpret 

the results from an adult population perspective. 

Interestingly, Kimball et al. found that a smaller number of diabetic patients compared to non-

diabetic patients needed to be discharged with home help, or to nursing homes/rehabilitation 

facilities. They could not offer an explanation for this difference which is at odds to a study by 

Shalom et al. (2005), although they speculate that it may be due to the fact that the longer length of 

hospital stay for diabetic patients that may result in burn wounds being completely healed and 

therefore the need for extra care or rehabilitation was eliminated. Barsun et al. also found that 

diabetic patients had longer than expected length of stay in hospital and high rates of amputation 

due to problems with healing. 

 

1.4.2 Conclusion 

It is clear from the review of the available literature that there is a limited amount of research into 

isolated foot burns in adults and paediatric populations. Hemington- Gorse et al. are the only 

authors who reviewed adults and children with foot burns, but this is only from one burns unit, and 

is a descriptive dialogue with areas of important knowledge lacking. The standard outcomes of 

complications, time to heal, and length of stay, could not be ascertained. This was due to papers 
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looking at niche subsections of isolated foot burns; any data that was presented was descriptive, 

incomplete, and requiring analysis of influencing factors. There was no functional outcome or 

quality of life data present across all 7 studies.  

Due to the gaps in the literature, this PhD aims to: 

A) Establish a true epidemiology of isolated foot burns and review their standard outcomes. 

B) Test the null hypothesis that there is no effect of isolated foot burns on patients’ functional 

outcomes, and Quality of Life. 

In doing so, creating the best evidence-based practice standards to aid clinicians to return patients to 

an optimal Quality of Life.  
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1.5 Quality of life 

The primary and urgent motivation among seriously burnt patients is wound coverage and the 

preservation of life. Whilst short-term rehabilitation goals are to preserve the patient’s ROM and 

functional ability, long-term rehabilitation goals include the return of the patient to independent 

living and to educate patients on how to compensate for any functional loss suffered as a result of 

the burn (Sergiou et al., 2007). A significant measure of the degree of recovery from such injury is 

health-related quality of life, which is defined as the subjective perception of function and 

wellbeing as it relates to health status (Jacobson et al., 1995). Quality of life has many facets, 

including functional capacity and role performance, perceived wellbeing and satisfaction and- 

disease symptomatology and impairment (Fauerbach et al., 2005). A study of the long-term quality 

of life outcome among burns survivors (approximately 15 years after injury of massive burns in 

childhood) found that their adjustment was generally similar to the normal population. However, 

roughly 20% of the burn survivors were impaired substantially in physical functioning and had 

significant role interference from these impairments (Fauerbach et al., 2005). 

Burns to the feet can produce significant morbidity in patients. Due to the location of injury and the 

specialised anatomy of the skin of the foot, the patient can present pain and difficulty in walking. 

Although the feet involve only a 3.5% of the TBSA, they play an important role in normal activities 

which require a high level of motor function. Burns to this area of the body can have an impact with 

normal activities, long hospitalisation periods and often involve the presence of complications. 

A burn can become a very disruptive and distressing event for an individual to suffer. Both physical 

and psychological issues can become apparent. Patients affected with foot burns may in particular 

be prone to this in the long-term given the ROM issues previously discussed. Injuries to such a 

body part, that has a significant impact on movement and may lead to disability, are likely to cause 
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a decrease in the individual’s wellbeing (Lucas, 2007). It is, therefore, vital that psychological 

treatment and diagnosis be an important part of a patient’s recovery process. 

Patients who have previously been diagnosed with mental health issues may prove to have greater 

issues in recovery. Through a longitudinal study in severe burn injury patients, it has been found 

that prior mental health issues predicted a higher risk of postburn psychiatric issues, such as major 

depression and PTSD, at 12 months post burn (Dyster-Aas et al., 2008). The acknowledgement and 

maintenance of these psychiatric disorders during burn treatment is therefore paramount for a more 

holistic and longitudinal recovery. 

The effect that a severe lower-limb burn could have on a patient’s day-to-day life may also lead 

them into other problematic behaviours. The Good Lives Model proposes a strengths-based 

approach stating that every individual strives for a ‘good life’ through the attainment of 11 primary 

goods, such as healthy living, excellence in play (recreational pursuits) and relatedness (intimate 

and family relationships) (Ward and Brown, 2004). If these primary goods are not properly met 

(due to a severe burn), then it is predicted that these deficits will be compensated through other 

means such as criminal activity. It is, therefore, important that a full ROM is returned to the patient 

as best as possible to avoid these deficits becoming apparent. 

The means by which the patient experienced the trauma may also help in the reduction of 

psychological trauma that is being experienced by the patient. In situations whereby, the burns have 

been inflicted by another individual, methods such as restorative justice may be appropriate. 

Restorative justice is a treatment whereby the victim chooses to confront their attacker in order to 

seek closure for their trauma (Van Ness and Strong, 2015). Given the previously discussed issues 

with depression and PTSD, this may provide a relief for the patient from any distress they may be 
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suffering from. In patients with anxiety about returning home, this therapy may offer some 

assistance in enabling a quicker discharge home from a length hospitalisation.  

Physical and psychological consequences can present during the hospitalisation process. As a result, 

is very important to identify the impaired areas of a patient’s quality of life. The assessment of the 

patient’s quality life impairment usually can provide an objective indicator of the outcome of the 

medical and psychological treatment. 

The physiological recovery of patients with a burn is considered a continuous process. It can be 

divided into three stages: the critical or urgent period, the acute period, and the rehabilitation 

process. At each stage, the patient is going to need a specific psychological support. Klinge et al. 

have revealed the common frequency of depression and anxiety in inpatients with burns. 

At the early stage of the recovery process, some depressive symptoms are common, such as anxiety 

disorders. Patients with foot burn can be hospitalised for a long period. During this period, they can 

be affected by any phycological disorders. These patients can present an acute disorder originated 

by stress or can be evaluated with a secondary post-traumatic stress. The main reason is the long 

period of bed rest during the recovery process. Often the depression may have a relation with the 

presence of symptoms like uncontrollable pain and with external factors like the family support. 

After discharge from the hospital patients need to start the process of reintegration to normal daily 

activities. For patients with feet burns, this stage may involve continued physical rehabilitation, 

with changes of the dressings on the affected area and local releases in cases of burn scar 

contractures. During this period patients need to recover their abilities throughout physiotherapy. 

They also need to analyse the practical limitations after the injury. Once patients are discharged, 

they can be referred to the community to continue treatment programmes. 
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Adjusting to a burn injury involves a number of intricate related issues. Long-term follow-up 

studies have been shown that the quality of family support is one of the most important factors 

influencing a patient’s adjustment during the rehabilitation period. 

The development of specific interventions, programmes and models of care is essential for optimal 

burns outcomes. Cost-effectiveness of clinical treatment is also an important consideration due to 

the significant health expenditure on resource-intensive burn care. 

Patients can be treated with some psychological strategies, such as cognitive behavioural therapy 

mainly focused on symptoms and current objectives, verbal psychotherapy, group therapy with the 

aim to explore different problems within a group, interpersonal psychotherapy, and family therapy. 

The therapy usually requires time and hard work between the professional, the patient and the 

family. 

The outcome of a patient affected by burn is dependent upon a complex relationship between the 

personality of the patient before the injury, the environment, and the characteristics of the injury. It 

is very important to understand the process behind the mental health of a patient with a burn. It will 

help to evaluate and treat accurately the patient. The appropriate rehabilitation into their social and 

occupational environment and family will lead to better outcomes for the patients. This needs to be 

assessed by usually SF36 or Burn Specific Health Scale-Brief (BSHS-B) (Altier et al., 2002)  

Therefore, the aim is to return a patient to their premorbid state, not only physically but also 

emotionally and functionally. This can be significantly impacted by the physical limitations of the 

surgery, as well as the journey they have taken psychologically. The influence of different types of 

burns interventions have not been assessed in regard to the patient’s journey with isolated feet 

burns. Potentially, this would highlight which patients are at risk, need intervention and help to 

develop new treatment regimes. 



 

 

84 

1.5.1 Quality of Life assessment tools 

In order to conduct the proposed study a number of assessment tools were considered.  

Measuring the physical and physiological results due to burning injuries among patients is essential 

for the optimisation of multidisciplinary treatment and the restoration of the quality of life, 

particularly the social functions (Kvannli et al., 2011). After suffering a lower limb burn, patients 

are forced to undergo treatment in the acute care unit, with long hospitalisation, surgeries, and 

painful procedures before they can be discharged from hospitals. While family members believe 

that that discharge marks the end of the danger, there is a need for long-term psychosocial quality of 

life assessment to determine the progress of the patient towards being integrated back into the 

normal family and social activities (Murphy et al., 2015). 

HRQL assessment tools in burns 

Spronk et al. (2018), conducted a systematic review of Health-Related Quality of Life (HRQL) 

measurements in adult burn patients. Of the 94 studies included in the review, it was found that 

there were 20 different HRQL measuring tools used. The two most common tools were the Burn-

Specific Health Scale-Brief (BSHS-B) (46%), and the Short Form 36 (SF36) (42%).  

 

BSHS-B 

“The BSHS-B is an injury-specific, self-reported quality of life measure” (Grisbrook et al., 

2010). The BSHS-B can be used to help burn patients as they reintegrate into society. While other 

instruments, such as the World Health Organization Disability Assessment Scale-II (WHODAS), can 

be used to address the quality of life issue, the BSHS-B is the most preferable in the case of lower 

limb burns patients. 
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The burn-injured patients are expected to complete the BSHS-B before the start of each testing 

session. The physical and psychosocial functioning of the patient is captured in the 40-item 

questionnaire that assesses the post-burn conditions (Kvannli et al., 2011). The instrument gauges the 

psychosocial and physical difficulties by using nine elements, including affective, body image, 

interpersonal relationships, sexuality, heat sensitivity, simple abilities, treatment regiments, hand 

function, and work (Murphy et al., 2015). Since the rehabilitation is specific to patients with lower 

limb burn injuries, the hand function in the assessment will most of the time be similar to that of a 

healthy individual. When filling the questionnaire, the patients are expected to choose from a 5-point 

scale of severity, with “4” representing zero levels of severity. 

 

SF36 

The Short Form 36 questionnaire is a 36-Item questionnaire that measures 8 different subsections of 

a participant’s overall health status. These consist of Vitality (VT), Physical functioning (PF), 

bodily pain (BP), general health perceptions (GH), physical role functioning (RP), emotional role 

functioning (RE), social role functioning (SF), and mental health (MH). The Scale consists of a 

variety of Likert scales of differing point-systems (2, 5, and 6 points). These answers are then 

transformed into a 100-point scale so that the differing sections can be computed together. The final 

score is determined with higher numbers meaning a smaller disability, and lower numbers meaning 

a larger disability; these scores are normalized with 50 being considered as the average for a 

population. Two main scales called Physical Component Score (PCS) and Mental Component Score 

(MCS) also exist from this scale. These measures consist of scores from 4 different sub-scales 

independently. The PCS is calculated from the BP, GH, PF, and RP; meanwhile the MCS is 

calculated from the RE, MH, SF, and VT. 
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The SF36 has been found to have a strong validity and reliability, with the SF36 having some of the 

most responsive measures when compared across a variety of other Health-related Quality of Life 

questionnaires (Linde et al., 2008). The SF-36 has been used in the field of burns research already 

(Edgar et al., 2010), but also among multiple other fields such as Liposuction and Obesity 

(Barcones-Molero et al., 2018; Hoffner et al., 2017).  

 

Edgar et al. (2010) conducted a study comparing the SF36 and BSHS-B over 2 years, in 280 burns 

patients to determine SF36 validity and any superiority of the two scales. It was found that SF36 

was valid for use in burns, demonstrated a greater level of sensitivity and had sub-scales that 

maintained their effectiveness of detecting changes in quality of life over time. There was also 

found to be a difference in the two measures whereby the SF36 could show norm scores as a 

comparison; whereas the BSHS-B was limited in this ability (Spronk, 2018). As SF36 showed a 

superiority to the BSHS-B and can be used to compare against other health conditions affecting 

lower limbs, it will be chosen as one of the primary QoL questionnaires in the proposed study. 

 

Lower extremity PROM assessment tools 

A Patient reported outcome measures (PROM) is “a report coming directly from patients about how 

they feel or function in relation to a health condition and its therapy without interpretation by 

healthcare professionals or anyone else” (Patrick et al, 2008). As there are no burns specific PROM 

measurement for lower limb involvement, other lower limb measures that can equate to QoL may 

be useful to investigate. Pinsker et al. (2015), conducted a reliability and validity review of 6 lower 

extremity patient reported outcome measures and patients’ preferences. As patient compliance is 

important, their satisfaction with the measures was considered. The Foot Function Index (FFI), was 
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found to have the highest patient satisfaction regarding length (87.8%), best for covering all 

important matter (78.6%), questions made sense (97.8%), and picks up the most changes post-

operatively, among the patient related outcome measurements. Furthermore, the FFI had internal 

consistence of α= .96, and test-retest score of α= .93. The FFI came out clearly as the frontrunner of 

the 6 measurements, with the Lower Extremities Functional Scale (LEFS) and the WOMAC being 

very similar. However, Pua et al. (2009), conducted a cross-sectional study to compare the LEFS 

and the WOMAC, and found LEFS to be superior in its reliability and validity.   

 

FFI 

Originally designed as a questionnaire for rheumatoid arthritis patients with foot issues. (Budiman-

Mak, 1991) The FFI has been applied in other areas of medicine (Cui, 2005). It traditionally 

consists of 23 questions covering three areas pain, disability and limitations of activities.  

 

FFI is a well-established and easy to use self-reporting questionnaire, which has been validated in 

over 4700 study participants and reported in more than 78 articles since 1991 (Budiman-Mak, 

2013).  The FFI has a high-test reliability score between 0.69 and 0.87 (Budiman-Mak, 1991). It 

also has a high Cronbach’s alpha 0.94 -0.96 score which shows internal consistency and how well a 

test measures compared to its aims (Saag, 1996) 

 

The two most common uses for FFI has been for patients with rheumatoid arthritis and plantar 

fasciitis (Baldassin,2008). This test has also been used in interventional studies with good effect 

(Lin ,2000). Therefore, a good baseline with this test in this study could form a basis to use in future 

studies. Although the FFI has not been used in burns, its reliability and validity in other fields of 

medicine would make it a useful scale to examine its suitability for future burns literature. 
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FFI has been demonstrated to correlate well with the SF-36 and could be used to monitor quality of 

life Soohoo et al. (2006).  

 

The 23 questions within the three domains are scored between 0 = no pain/disability to 10 = 

pain/disability on a Likert scale. These are then added together with a total possible score of 230. 

The higher the score the more pain/disability is perceived by the patient. 

 

LEFS 

 

The LEFS is a 20-Item self-reported questionnaire for musculoskeletal issues in the lower 

extremities (Binkley, 1999). It uses a 5-point Likert scale from 0 to 4. The scores can range from 0 

up to 80, with higher scores representing better function of the participant. 

 

It has proven to have good reliability and validity and is seen as an alternative to other scales that 

measure similar items (Pua, 2008). This scale has also been previously applied to the field of Burns 

injuries, with a longitudinal physical outcome being the focus (Jarrett, McMahon, and Stiller, 2008). 

The usefulness of this scale has seen it being used in multiple areas of lower limb medicine, 

including the analysis of novel rehabilitation methods for post-total knee replacement patients 

(Fung et al., 2012). 
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1.6 Physiotherapy assessment tools 

Finlay et al. (2010) discovered, that there are twice the amount of papers discussing recovery from 

upper limb burn injuries compared with lower limb burn injuries (LLBI). However, there are no 

validated tools to specifically measure recovery in LLBIs. Validated and reliable assessment tools are 

necessary to guide clinical practice in the rehabilitation period post-injury. Many tests have been 

examined but have been found to have issues such as ceiling effects and lack of sensitivity, these 

include the Berg Balance Scale, Functional Independence Measure, and the Queen’s College step test 

(Berg et al. 1992; Edgar, 2004; Keith et al., 1987; Zaidi et al. 2000). Timed get up and go (TUG), 

Single-leg Stand (SLS), and Tandem Walk Test (TWT), have been validated, albeit not in a burns 

setting (Franchignoni et al. 1998; Podsialdo & Richardson, 1991; Rinne, 2001).  

 

1.6.1 TUG 

The Timed Up and Go test is a time version of the “Get-up and Go” test (Mathias et al., 1986). A 

chair is placed 3 meters away from a marker, and on commencement of the test, the participant has 

to get up unassisted, walk to the marker, turn around, and sit back down on the chair. The time taken 

to complete these actions is recorded. (Podsialdo, 1991). 

 

1.6.2 SLS 

The Single leg Stand is a test involving a participant standing upright, weight distributed equally on 

both legs, and on instruction, the participant raises one leg; this is performed for 30 seconds or until 

failure (Jonsson, 2004). 
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1.6.3 Tandem Walk Test 

The Tandem Walk Test (TWT) requires volunteers to walk, placing each foot in front of each other 

in a heel-to-toe fashion, a 3-meter straight line, as quickly as possible whilst unaided (Cho & 

Alexander, 2004). 

 

The Perth Burns service in 2009 set out to test the reliability and validity of the TUG, SLS, and TWT 

in patients recovering from LLBI (Finlay et al., 2010). 28 patients with one or both legs exhibiting 

LLBI were prospectively recruited, to ascertain reliability. Using the Intraclass Correlation 

Coefficient (ICC), TUG, SLS (Eyes open), and TWT, showed excellent interrater reliability scores 

of 0.93, 0.81-.093, 0.88 respectively. Data from 172 LLBI patients was used to validate the TUG, 

SLS, and TWT outcomes. The TUG and TWT were significantly associated with the BSHS-B and 

provided additional information. When doing the TWT forwards and backwards, results showed that 

the backwards version of the TWT was redundant. SLS showed significant correlation with cases that 

required skin grafting surgery; however, it was not valid in other circumstances. The conclusion of 

the paper supports the construction of a Lower Limb Burn Outcome Battery, consisting of the TUG, 

SLS, TWT, and BSHS-B (Finlay,2010). 

 

It is known that Burn scars can involve contractures that can cause a decrease in range of motion 

(Cubison et al., 2006). Goniometry is an easy and commonly used outpatient tool which has been 

well-established in the non-burn patients and general population (Low, 1976; McWhirk & Glanzman, 

2006) however, its reliability in burns in the past has been called into question (Edgar et al., 2008). 

In response, Edgar et al. (2008) assessed intra-rater (21 patients) and inter-rater (45 patients) 

reliability of goniometry measurements in burns patients. The intra-rater (ICC >.99) and inter-rater 
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(ICC > .94) reliabilities were deemed as being excellent; therefore, the use of goniometry in patients 

with burn injuries is deemed to be an accurate measure of ROM. 

Muscle strength, especially with large burns, can lead to a hypermetabolic state and catabolism (Omar 

et al., 2017). This can affect muscle strength and function. Omar et al. (2017) showed that in lower 

leg burns with greater than 40% TBSA, there was muscle weakness, abnormal balance, and reduced 

mobility. With smaller %TBSA, such as a foot burn, a hypermetabolic response will not be triggered. 

Therefore, in theory there should be no muscle wasting; however, long periods of immobility may 

have an effect. Yet, Gittings et al. (2016), found that burns with TBSA average of 5%, which would 

not trigger a hypermetabolic response, had an impact on muscle strength. Depending upon the burn 

demographics, this strength recovered in different timeframes. Muscle strength measured with a 

dynamometer showed a very good ICC of 0.85-0.96. Ideally a dynamometer would be used to assess 

muscle strength, however, as Falder et al. (2009) states, “dynamometers are expensive, not clinically 

applicable in the acute burn phase and not universally available”.  

 

The Oxford Scale, also known as the Medical Research Council Manual Muscle Testing scale, is a 

well-known method for assessing muscle strength. It involves using a 6-point scale ranging from 0 = 

no movement, to 5 = full range against strong resistance. This method has a multitude of uses in 

clinical practice. Manual muscle assessments have been shown to have a moderate to good inter-rater 

reliability (Jepsen et al., 2004). When Florence et al. (1992), reviewed different muscle groups in 

Duchenne’s Muscular Dystrophy, they found substantial intra-rater reliability in knees, ankles, and 

hips; varying from 0.71 to 0.93. When looking at the burn literature, the Oxford scale has featured 

rarely, despite its popular use in other fields of medicine (de Figueiredo et al., 2019). 
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1.7 Lower-limb gait and function 

The immediate and primary focus of critical burns care is the preservation of life and wound 

coverage. Because people are surviving and living with burns for long periods of their lives, there 

needs to be more focused research into the restoration of function and maintenance of patient 

independence. Whilst short-term rehabilitation goals are to preserve the patient’s ROM and 

functional ability, long-term rehabilitation goals include the return of the patient to independent 

living and to train patients on how to compensate for any functional loss suffered as a result of the 

burn (Serghiou 2009). 

Changes to a patient’s physical anatomy, either as a consequence of the thermal injury or as a result 

of surgical interventions, are likely to affect the ability of the patient to move as well as they did 

pre-injury. 

Functionality, such as walking, is often affected adversely by burns contracture, site infection 

complications or as a result of a site being chosen for autologous skin donation for upper body 

reconstruction. However, literature pertaining to a relationship between surgical intervention and 

the direct effect it may have on a patient’s ability to move and carry out specific activities such as 

walking, and stair climbing is very limited. 

The ability to walk independently is vital for patients to regain independence and significantly 

improve their quality of life. To understand how to achieve this in a burns population, we must first 

understand the patterns and ranges of motion that contribute to what is considered to be ‘normal 

gait’. 

Examining the history of gait evolution helps us understand the basic concepts behind the science 

and the areas within which patients can be tested. The study of gait has been recorded as far back as 
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Aristotle in 384BC, who observed people walking with a reed attached to them. He noted that they 

would trace a zigzag pattern, and not a straight line. This idea was developed on by Borelli (Figure 

18) in 1680, who noticed the 3-dimensional aspect to gait. He noted that when walking between two 

points in a straight line, the point they would be walking to would appear to be moving left to right. 

Weber and Weber then wrote a review article, which noted some observational patterns in gait. 

In 1836 Heinrich and Willhelm investigated gait using observation and stopwatches. They 

commented on changes in joint position, step length and rhythm related to speed of walking. 

 

 

 

 

 

 

 

In 1895, the German surgeon Trendelenberg made his name synonymous with the gait produced by 

weak abductor muscles. Weakness in these muscles produces a gait in which the pelvis tilts to the 

opposite side when the patient is in the stance phase on the unaffected side. This aided recognition 

of affected patients and to this day is still used in the medical environment. 

Figure 18 Historical gait diagram – reproduced from Springer Science and Business Media - Shows 

Borelli’s biomechanical analysis of a man standing on tiptoe whilst bearing a load (Borelli, 1685) 
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Étienne-Jules Marey (1830-1904), a French scientist, then developed pressure recording devices 

which he used both for horses and patients which showed the characteristic double bump of the 

foot’s reaction to the floor. 

Muybridge (a British photographer) took photos of horses during phases of galloping which 

disproved the theory that they always have one foot in contact with the ground. 

Marey advanced on these ideas by setting up batteries of cameras to take photographs from several 

angles. Later this developed to using film to record movement. 

Fischer and Braune then went on to use this technology to look at three-dimensional gait using a 

subject walking in the dark with and without a backpack. Since then, the field of gait analysis has 

been the focus of innovation and interest. 

Thanks to earlier works by pioneers of gait analysis we now have a deep understanding of normal 

gait and this has led to the development of several areas of interest within the field. I will discuss 

gait in more detail in the following section and explore the effects of burn wounds on patients’ gait 

patterns. 

1.7.1 Gait basics and reason for choosing tests 

The coordinated mechanism by which a person can walk is called the gait cycle (Figure 19), which 

is made up of two distinct phases: the stance phase and the swing phase. One full gait cycle is the 

interval of time from the heel strike of one foot to the heel strike of that same foot in the next step 

(Root et al., 1977, Perry, 1985, Nuber, 1988, Whittle, 1991 and Magee, 1997). The stance phase is 

the weight-bearing portion of each gait cycle (Perry, 1985, Mann, 1991, Wernick and Volpe, 1996 

and Magee, 1997) and involves the period of time between the heel strike and the toe-off of the 

weight-bearing foot. During walking, stance constitutes around 62% of the gait cycle. (Root et al., 
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1977, Perry, 1985, Mann, 1991, Sutherland et al., 1994, Magee, 1997). The swing phase of gait is 

the non- weight-bearing portion of gait and occurs between toe-off and heel strike of the non-

weight-bearing foot. During walking, swing constitutes around 38% of the gait cycle (Root et al., 

1977, Perry, 1985, Mann, 1991, Sutherland et al., 1994 and Magee, 1997). 

The synchronised gait cycle refers to the movement pattern which starts when one foot contacts the 

ground and ends when the same foot hits the ground again. One gait cycle is referring to as one 

stride and frequently stride lengths (i.e., the distance covered in one stride is covered).

 

Figure 19 Normal gait cycle–diagram demonstrates how different positions of limbs during gait cycle correspond 

with type of support and stance (Iosa et al., 2013) 
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The more commonly-used ‘events’ throughout the gait cycle are the following: 

1. Heel strike/initial contact: The instant at which the heel of the weight-bearing foot makes 

contact with the ground. (Perry, 1985, Whittle, 1991, Vaughan, 1992, Norkin, 1994, Magee, 

1997). 

2. Foot flat/loading response: Occurs immediately following heel strike and represents the 

point at which the plantar surface of the foot makes full contact with the ground (Vaughan, 

1992, Norkin, 1994). 

3. Midstance: The point at which the body is directly over the weight-bearing extremity 

(Vaughan, 1992, Norkin, 1994). 

4. Heel off/terminal stance: The point at which the heel of the reference extremity ceases to 

have contact with the floor and push off is initiated (Vaughan, 1992, Norkin, 1994). 

5. Toe-off/pre-swing: The point at which the former weight-bearing limb ceases to have any 

contact with the ground. Stance is terminated as the foot leaves the ground (Vaughan, 1992). 

The two legs are out of sync by 50% of a cycle. 60% of gait cycle for each leg is in the stance phase 

therefore for 20% of the time both legs are in contact with the ground. This is referred to as the 

double support or double stance phase. From this point on, I would structure the rest of the 

introduction to include the following subheadings: Temporal spatial, Kinematics, Ground Reaction 

and Pressure. 
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A) Temporal spatial characteristics of gait (TSP) 

TSP looks at three parameters: 1) Walking Speed, 2) Cadence, 3) Stride length 

1) Walking speed 

Walking speed is the distance covered in a minute. 

Speed= Distance/Time 

As the speed of walking increases the support, stance time is reduced and the swing time increases, 

when double support disappears altogether this is the transition from walking to running. This is 

steadily replaced by a float/double float/Non-support phase. 

2) Cadence 

Cadence is the number of steps per minute. This can be affected by walking speed, cultural 

differences, limb length, age and gender (Figure 20). 

 

Figure 20 Cadence shown against walking speed (Latt et al., 2007) 

3) Stride Length 

 Stride length is the distance covered between two points of impact by the same foot. As speed 

increases so does stride length, but in a non-linear fashion. 

Formulas for gait: 

DS= Stance- Swing 

Swing =100% -Stance 
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The ability to walk independently is vital for patients after a burn injury to regain independence and 

significantly improve their quality of life. The gait cycle is a coordinated mechanism by which a 

person is able to walk. However, the two distinct phases of the cycle require different motor 

strategies for successful execution (Winter 1984). During the stance phase net extensor moments 

are generated at the hip, knee and ankle joints to support the stance limb during loading whilst 

providing a stable platform for forward progression (Whittle, 2007; Winter, 1984). During the 

swing phase, the principle function is to progress the swing foot from the previous to the next stance 

phase position. The motion of the swing phase is achieved primarily through the precise 

coordination of a seven-segment kinematic chain consisting of the pelvis, thigh, shank and foot 

segments (Winter, 1993). The swing phase requires a large ROM and muscular activation at the hip, 

knee and ankle joints to enable effective clearance and forward progression of the limb (Whittle, 

2007). 

Each of the joints of the lower limb has a significant and coordinated role to play in the successful 

completion of the gait cycle. 

 

 Speed (m/s) Cadence (steps/min) Stride Length (m) 

Male 1.3-1.6 110-115 1.4-1.6 

Female 1.2-1.5 115-120 1.3-1.5 

Table 3 Showing average TSP values by gender reproduced (Kirtley, 2005) 
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Measuring any of the TSP is possible with just a stopwatch and tape measure, making it a very 

simple gait tool (Table 3). Due to its simplicity it is easy to perform in an outpatient environment 

and can therefore be more realistically used in a clinical setting to assess progress and function. 

B) Kinematics 

Gait kinematics is the measurement of movement concerning position of joints, their trajectory and 

angles in relation to each other. There are several methods which can be used, ranging from 

electronic goniometers (electrogoniometer) in a two-dimensional plane to optical tracking systems 

with markers placed on set locations on the lower limb (Figure 21). The same cameras, if arranged 

in the correct orientation with additional software, can perform three-dimensional gait analysis. 

 

Figure 21 Kinematics of the lower limb–visual schematic demonstrating tracking markers on lower limb during 

half a gait cycle (Frew, 2018) 

C) Ground reaction and Pressure exertion 

Ground reaction is the force that the patient experiences pushing back towards them as they make 

contact with the ground. This is typically an m-shaped pattern (Figure 22). The ground reactive 

force is typically measured by force plates within the floor. Problems occur if both feet hit the plate 
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at the same time as it is difficult to ascertain the impact of either foot. If a foot is not entirely on a 

force plate, then not all the force will be recorded. 

  

Figure 22 Ground reaction forces through the gait cycle–reproduced from Winter DA (1991) The biomechanics 

and motor control of human gait: normal, elderly and pathological. Diagrams showing the different forces at 

play during a normal gait cycle 

 

The foot is the body’s only interface with the ground during bipedal locomotion. All motions- 

transverse, sagittal and frontal- which occur about and within the weight-bearing foot produce 

forces against the ground and in return the ground responds with equal and opposite forces against 

the foot (Root et al., 1977, Smidt, 1990). As such, the foot is a major contributor to the absorption 

and transmission of forces throughout the stance phase of gait (Czerniecki, 1988). 
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Figure 23 Vertical, Anterior-posterior and medio-lateral ground reaction forces during walking – Figure 

reproduced from Hamill and Knutzen, 2003. 

 

Typically ground reaction forces of the foot are represented as a 2-dimensional graph depicting the 

forces exerted within the different planes of movement (Figure 23). 

Pressure is the amount of force exerted over a given area. When standing, this is typically highest in 

the heel and metatarsals. Two main methods exist for recording pressure (1) Insoles, which contain 

sensors or (2) static pressure plates recessed into the floor. 
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Three-Dimensional Gait analysis 

To perform three-dimensional gait investigations a specialised laboratory is required. Within the lab 

small reflective markers are placed on the joint or position of interest. The cameras around the room 

emit infrared light, which is reflected by the glistening markers back to the cameras and therefore 

can detect the distance and position of the markers. They only pick up on specific reflective 

markers, which will track data points of the patient as they are going through their actions. Patients 

have to avoid wearing anything with reflective materials which can generate extra ‘noise’. Any 

labels or items of clothing are either covered up or removed. Because multiple cameras see the 

markers at the same time, it is possible to triangulate the position of the marker in space. This is 

because the laboratory has been calibrated before patient assessment and distances are known. 

The cameras capture at a higher frame rate of 140–150 frames per second (FPS) compare to a 

normal camera that has a 30–40 FPS capture rate. This is to avoid quick moving patients who 

would generate data gaps.  

The information from all the cameras is fed into a unit to take the analogue signal and convert it 

into a digital signal for the computer to record. On the computer, a three-dimensional virtual gait 

laboratory is generated. Each of the data points from the cameras are taken and coordinated into 

space based upon the calibrated capture area that is set in the system (Figure 24). 
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Figure 24 3D Gait Analysis Laboratory- Reproduced from Vicon.com. Ideal set up for gait laboratory showing 

the necessary equipment needed to get the best 3D analysis of gait 

The advantage of multiple cameras is that you are less likely to lose a data point as the line of sight 

between the reflective marker and camera is lost. When the markers are lost on the computer, 

interpolation of the data is needed to fill in the missing data points. 

As the patient hits the force plate, a ground reaction force arrow is generated coming up from the 

force plate embedded in the gait analysis laboratory. 

Kinematic information from the cameras and kinetic data from the force plate can then be combined 

together. This enables the motion-capture system to assess the performance of the patient looking to 

be analysed and to calculate outcome variables such as joint position and joint angles. 
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1.7.2 Gait summary 

There is a plethora of literature describing the techniques in place to measure lower-limb function 

and the ‘normal’ pattern to expect. Conversely there is a diminutive amount of similar information 

in burns literature. 

Gait is an effective measure for illustrating the limb function after a lower leg reconstruction 

procedure. Nonetheless there is insufficient research information in the area of gait function 

recovery post burn. Therefore, understanding the impact of burns would have to be derived from 

investigations of gait patterns in other illnesses. Important factors that influence the gait deviation 

and walking speed include the nonreciprocal climbing pattern, flexion motion range, and the flexion 

knee strength (Xergia, Pappas and Georgoulis, 2015). This highlights the importance of effective 

functional recovery strategies to improve the lower-limb reconstruction results and outcomes. 

Functional gait is a primary outcome from the limb salvage procedure (Kline et al., 2015). The 

common measures for functional gait include the speed of walking, duration of stride, and 

symmetry of gait. 

The rehabilitation duration of the lower-limb reconstruction process is between 12 and 72 months. 

The median recovery duration is about 30 months. There are issues that increase the recovery 

duration. These are slow speed of walking, long stride time, poor control of balance, and the knee 

joint involvement. Poor muscle strength is a risk factor for abnormal gait and could potentiate 

further injuries (Sullivan and Grant, 1997). Also, other prognostic issues like female age and 

increased age are associated with significant cases of abnormal gait. In the case of reconstruction 

from the bone tumours, the reduction in the extensor strength of the knee causes the step-to-step 

pattern when climbing the staircase. It is known as the nonreciprocal movement pattern. There is 

also the reduction in the locomotion level and movement strategies that are compensatory in the 
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ankle and hip areas (Nagelli and Hewett, 2017). Thus, muscle power is an important issue in the 

improvement of the gait of the patient. As Sullivan and Grant pointed out patients can have 

abnormal gaits due to other pre-existing conditions. Therefore, it is important to not only assess gait 

among research participants but also remove any confounding illnesses that may impact their gait 

patterns. This can also be achieved by assessing muscle strength and ROM. Proper documentation 

of the strength and functional role of the ankle, hip, and knee areas as these all may affect gait. 

However, there is limited information and understanding of the functional and strength measures in 

enhancing the gait recovery levels among the limb salvage patients. 

Patients who have the lower-limb reconstruction procedures, experience low levels of knee 

extension strength. Any atrophy of the patient’s muscles did not cause significant gait deviation or a 

reduction in the speed of walking. The quadriceps femoris muscle has limitations and, therefore, the 

patients experience the spread of the injury characteristics (Kline et al., 2015). 

The high level of gait deviation is because of the functional aspects of the knee in the ambulation 

process. Knees get energy in the stance part of the gait. The energy is important in facilitating and 

strengthening the pattern of the gait. An effort is made on the speed of walking via biceps femoris 

(Xergia, Pappas and Georgoulis, 2015). The muscle ensures knee flexibility to facilitate the 

swinging flexibility and improve the velocity of the lower leg. Much work has focused on the knee 

and biomechanics of gait function less emphasis has been on the foot itself. Within plastic surgery 

most gait work has been looking at the lower leg as a donor site for head and neck reconstructions 

(Hadouiri et al., 2018). It has been shown that this can have a massive effect on gait and joint 

integrity (Feuvrier et al., 2016). From this, it can be extrapolated that burns would also have some 

type of effect as no substantive work has been done in this population. 
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A reduction in gait functionality is a serious morbidity factor in the long-term survivors of 

catastrophic burns. It can be hypothesised that reductions in function that occur as a result of a burn 

injury may be due to limitations in joint ROM and segmental coordination, reductions in muscle 

strength and function, and alterations to balance and postural control. The null hypothesis of this 

study will be that isolated pedal burn injuries have no impact on gait outcomes. 
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1.8 Rationale of thesis 

This introductory chapter shows that burns can be life-changing events. Although isolated burns to 

the feet are by definition small %TBSA injuries, they have the potential to produce a 

disproportionate amount of morbidity and have been categorised by The American Burn 

Association as major burns. The main focus of academic interest in burns is however on survival. 

Because survival rates have been increasing over the years it has now become apparent that the 

focus should not just be on survival but to optimise restoration of the patient to a premorbid state 

and improve their functional outcomes. In plastic surgery, there is a paucity of quality of life, and 

functional outcomes of isolated foot burns. However, there are a great number of patients 

experiencing foot burns in either isolation or combined with other areas (Hemington-Gorse, Pellard, 

Wilson-Jones and Potokar, 2007). To prevent confounding and assess the importance of the impact 

of feet burns, it is important to examine isolated foot burn injuries. Isolated foot burns were defined 

as an injury involving only the foot or ankle. 

Any changes to a patient’s physical anatomy, whether as a direct impact of the burn or as a result of 

surgical intervention to treat the burn, are likely to lead to reductions in the physical capabilities of 

the patient. Functionality, such as walking, is often affected adversely by burns contracture, site 

infection complications or as a result of a site being chosen for autologous skin donation for upper 

body reconstruction. However, literature pertaining to a relationship between surgical intervention 

and the direct effect it may have on a patient’s ability to move and carry out specific activities such 

as walking, and stair climbing is very limited. It has been shown that immediately after an acute 

care hospitalisation, patients with lower extremity burns have significantly different gait patterns 

than gender- and age-matched normal subjects (Silverberg et al., 2000). This same study suggested 

that future studies are necessary to determine whether these impairments in gait limit the functional 

abilities of a patient. 
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The ability to walk independently is vital for patients to regain independence and significantly 

improve their quality of life. Stair climbing is also an important and challenging everyday activity, 

which influences a person’s autonomy, independence and quality of life (Leitner et al., 2011). 

Several studies have reported that stair climbing is more challenging than level walking and that 

performance is linked to pathology, however ascending stairs is a common and important functional 

activity (Wilken et al., 2011). In healthy subjects, it has been shown that stair climbing activities 

require larger ranges of motion and moments at the knee in comparison to level walking (Hicks-

Little et al., 2011), and as such, it can be speculated that this would provide a much more 

challenging task for patients during their recovery from a burn. 

The understanding of stair ascent mechanics is limited primarily to healthy populations (Wilken et 

al., 2011) and has not previously examined patients with burn injuries. 

Stair climbing is a commonly used rehabilitation activity in those patients suffering lower-limb 

burns, as well as a task encountered regularly during everyday life. A greater understanding of the 

strategies used to climb stairs and the ability to document and track improvements in the task would 

be of great benefit to the patient and health practitioners alike. 

A reduction in gait functionality is a serious morbidity factor in the long-term survivors of 

catastrophic burns. It can be hypothesised that reductions in function that occur as a result of burn 

injury may be due to limitations in joint ROM and segmental coordination, reductions in muscle 

strength and function, and alterations to balance and postural control. This study will provide an in-

depth insight into different types and locations of burns and the effect that they have on the 

movement characteristics of the patients. The study will also enable surgical interventions and 

rehabilitation programmes to be assessed for their effectiveness in enhancing or improving the 

patient gait and movement parameters. 
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Analysis of quality of life and function, especially in orthopaedics, has influenced their patients' 

management plans to improve outcomes. (Williams N et al., 2017). Outside of surgery, non-medical 

interventions such as dance has shown increased functional and quality of life improvements in 

Parkinson patients. (Marcela et al., 2018). Recognition of the importance of these assessments in 

other fields has improved both patients and surgical outcomes. These techniques may be useful in 

isolated pedal burns but so far has not been explored.  

Therefore, this study aims to investigate the effect of burns on gait, lower-limb function, quality of 

life, and movement patterns. This study will document, for the first time in the literature, the 

limitations in lower-limb mechanics that present in patients with isolated pedal burns. The study 

will examine the long-term impact of different treatment and rehabilitation options in relation to 

gait and lower-limb function. This study will provide significant advances in the understanding of 

movement patterns and capabilities of patients during their recovery from a burn injury 
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Chapter 2 – Methodology 

2.1 Objectives 

Within this chapter I will review the methodology to be implemented in the studies in the 

subsequent chapters. This has been broken up into two parts: A) Epidemiology study and B) 

Laboratory-based testing of functional and Quality of Life outcomes in isolated foot burn patients. 

Foot burns are unique in the burn repertoire for their identification and management depends upon 

many factors. 

The aim of this study is to rationalise and bring clarity to the approach and management of pedal 

burns by understanding past treatment regimes’ impacts on patient outcomes. Hopefully this will 

lead onto a method of standardisation so that there can be a priority for different types of foot burns, 

and the organisation of burn management. 

  



 

 

111 

2.2 A) Retrospective U.K. burns centre note review of isolated foot patients 

This study focuses on a tertiary burns and plastics centre which covers a population of over 9.8 

million within the South East and East of England, was used for this study. Each year, 700 patients 

are admitted to the burns wards, with additional patients attending on an outpatient basis. Each 

patient’s notes after discharge are coded for basic patient and burn demographics. 

A retrospective study of patients attending the regional burns service between 1990 and 2013 with 

isolated foot burn injuries was conducted. The study was logged and approved by the Mid-Essex 

Research and Development department. Patient lists were generated using the hospital coding 

system which is based on the World Health Organisation (WHO) classification of diseases (ICD-

10) for burn and foot. Therapy notes, burns databases and outpatient records highlighted additional 

patients. 

The study was registered and given NHS ethical approval: - 

CA11-126 Isolated foot burns: A retrospective study of epidemiology and management. 

Isolated foot burns were defined as an injury involving only the foot or ankle, as these are 

considered a biomechanical unit (Dawe & Davis, 2011). If there were associated small splash marks 

(e.g., from spilt boiling water) that did not make up more than 0.25% TBSA, the patients were still 

considered for inclusion. Patients were excluded if they had no burn on their foot, attended for non-

burn skin loss or were incorrectly coded. 
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A proforma was devised to collate data upon patient demographics, burn demographics, 

interventions, and outcome data (Appendix A). Data was sourced from patients’ medical records, 

electronic records, operation logs, nurses notes and burn therapist notes. 

It may be argued that results could be due to the size of the burn rather than the burn being located 

on the foot. Therefore, to provide a comparative database, 1% TBSA burns of different anatomical 

areas were collected. Electronic records for all burns with a TBSA of 1% over the 24-year period in 

question were used. They were then recorded for Patient and Burn demographics on an identical 

proforma to the isolated foot burn (Appendix A). 

2.2A.1 Patient demographics 

Patients’ demographics were recorded looking at age, gender and ethnicity. The age at time of burn 

was used for analysis. Comorbidities of all patients were recorded. Further analysis was carried out 

on conditions which were felt could affect foot function and healing. These were diabetic status, 

ischaemic heart and peripheral vascular disease, peripheral neuropathy, immunosuppression and 

smoking status. 

2.2A.2 Burn demographics 

Burns mechanism and anatomical location on the feet were tabulated. The timing of a burn injury 

was taken from patient notes. If the time was not reported, then the time was assumed to be the time 

of reporting to the initial emergency services. Place of injury was categorised from the notes into 

home, outside home, work and unknown. Delay in presentation was defined as greater than 24 

hours between injury and attendance at the regional centre. Depth of burn was recorded as the 

deepest depth of burn present. 
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2.2A.3 Interventions 

Surgical and non-surgical interventions were recorded. Any patients who were initially treated non-

surgically but later required surgical intervention were put into the surgical group. Non-surgical 

interventions were considered a) application of simple dressing and b) debridement which did not 

requiring theatre or a general anaesthetic. Prophylactic Antibiotic use was recorded if noted in the 

initial clerking. 

2.2A.4 Outcome data 

Complications 

Complications were regarded as any patient with infection, scarring, failed reconstruction, or 

conservative management which progressed to surgery. 

Infection 

An infection was considered significant if the patient required any of the following: treatment with 

antibiotics, progression to surgery, admission to hospital or loss of reconstruction. 

Scarring 

Burns therapist notes were the most beneficial as an indicator for scarring as therapists would see 

patients for treatment of scarring as a first line measure. Scarring was recorded using the Patient and 

Observer Scar Assessment Scale (POSAS) as this has been found to be of the highest quality in 

reliability of subjective burn scars assessment tools (Tyack, Simons, Spinks and Wasiak, 2012). The 

scars were also noted if they were restrictive, impeding ADLs or concerning the patient 

aesthetically. 
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Time to heal 

Time to heal was derived from the outpatient nursing notes and if not documented it was assumed 

the day of healing was the same as the date of discharge from dressing clinic. 

Paediatric burns were defined as burn on victims who are younger than 16 years of age, as defined 

by the national burn care review (2003). 

Length of stay 

Length of stay is an outcome measure used by many hospitals to quantify performance of a service 

(Maan et al., 2014). This was measured as the number of nights that a patient stayed in hospital 

from admission to the burns service. 

Mobilisation 

Mobilisation post SSG in burns patients is a contentious issue with the balance needing to be struck 

between early mobilisation to aid recovery versus immobilisation to aid graft take (Luczak, Ha and 

Gurfinkel, 2012). 

Patients identified as having had an SSG reconstruction from the isolated foot database were looked 

at closely to determine the day of mobilisation post-surgery and type of rehabilitation regime. This 

was compared to length of stay and complication rate. The data was obtained from the therapy 

notes, if it was not expressly clear from the records what type/day of mobilisation they were 

excluded from further analysis. 
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2.2A.5 Data collection and statistical analysis 

Once collated, the data was entered into an excel database and analysed by using the SPSS 

(Statistical Package for the Social Sciences by IBM New York, United States) statistics program. 
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2.2 B) Functional study of morbidity outcomes of isolated foot burns 

2.2B.1 Study design 

This was designed as a comparative study looking at the morbidity of isolated foot burn versus 

healthy controls. Burn and Patient demographics were recorded for both groups, and the outcomes 

were measured using Quality of Life, Power and Goniometry assessment, and Gait analysis. Burns 

patients were either identified A) Retrospectively (existing patients) or B) Prospectively (new 

patients) and compared against the C) Control Population. The null hypothesis is that there was no 

difference in functional morbidity outcomes between the burns patients and the control group. 

 

2.2B.2 Populations 

A) Existing Patients 

Existing patients were identified from the isolated foot burn epidemiology study. Patients were 

excluded if they were: a) Deceased b) <16 years at time of burn as children’s gait alters with time c) 

Patients with joint replacements d) Pre-burn abnormalities in gait. Once identified patients were 

contacted via letter asking if, at their next appointment, they would be willing to have their lower-

limb function analysed using physiotherapy, questionnaires and gait analysis (Figure 2). 

Documentation approved by the ethics committee was provided to potential participants. It was 

made clear in the letter and patient information leaflet that this was entirely optional and would not 

impact on their level of care. There was no financial incentive to perform the study. 

Once the patients had agreed to participate, they were asked at their next outpatient appointment to 

come to the Gait analysis laboratory. Here they were shown around the areas. They had the process 
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explained to them and asked to sign a consent form. They then were asked to fill in our 

questionnaires and have photography done. The patient was then assessed for any confounding 

musculoskeletal injuries which may exclude their data from the study. They then proceeded to have 

a physiotherapy muscle assessment and goniometry, following this a three-dimensional gait analysis 

was performed. 

Language was seen as a potential problem; therefore, an interpreting service was offered to any 

participants requiring it. If it is was ascertained that every route was tried but nothing proved to be 

suitable, then this person was excluded from the study. 
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Figure 25 Existing patient recruitment flow diagram 
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B) New Patients 

New patients identified during the recruitment period were required to meet the same criteria as the 

existing patient population. New patients were approached before discharge to be informed of the 

study and be given patient information leaflets. The patients were then approached at their follow 

up appointments and given the opportunity to ask any questions that they may have had about the 

study. Contact details were then provided to those interested. If the patient agreed to the research, 

then they followed the same sequence of investigations as the existing patients. 

 

C) Control Population 

It is not possible to ascertain a patient’s premorbid (before burn) functional state. Therefore, ideally, 

a normal population database would be used for comparison. However, although there are some 

normal ranges of lower-limb function it became apparent that these datasets were not satisfactory to 

perform a comparative analysis due to geographical, age, and gender differences; therefore, patients 

were matched against a similar control group. The primary objective was to ascertain the normal 

ROM and function of the non-burnt population. This information could help determine which 

interventions give the best overall results. 

The project was discussed with research committees (STAAR research group), members of staff, 

patients, and families in the burns unit. 

Ethical approval was given so that members of staff, students and visitors could be approached to 

be recruited. All volunteers/members of the public/staff who were available during the recruitment 

period were approached and informed about the research. Posters giving contact details were 

displayed in visitor and staff rest areas. 
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Volunteers were excluded if they had sustained any lower-limb injuries, were younger than 16 or 

had comorbidities affecting their balance or gait. 

After consent, volunteer’s personal details were not recorded in any database or work. Once 

approved to take part, they were then given the quality of life questionnaires to fill in. Afterwards 

they had their physiotherapy assessments, which included measurements of their lower leg ROM, as 

well as their ability to perform a few ADLs (i.e., time taken to get up out of a chair (sit-to-stand), 

ability to walk in a straight line, and stability of each leg). Each volunteer then undertook gait 

analysis the same as the patient population. At the end of each assessment, the volunteers were 

informed of their results. 

 

2.2B.3 Outcomes 

All patients and controls that were recruited to the studies, had basic personal information collected 

and recorded such as; age, gender, height, weight. In addition, burns patients had their mechanisms 

of injury, extent of injury and interventions recorded 

 

a) Questionnaires 

To prevent questionnaire/respondent ‘fatigue’ and repetition of questions, three questionnaires each 

of a different nature were chosen to cover the breadth of the subject. (Rolstad, Adler and Rydén, 

2011). Many questionnaires which could have been used in the literature pertained to a paediatric 

population and therefore were excluded. 
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Patients were given paper copies of the three questionnaires identified from the literature review, 

which were as follows: 

 

1. Lower Extremity Functional Scale (LEFS) (Binkley et al., 1999), which assesses 

difficulty of performing activities for daily living related to lower limb function. 

(Appendix B) 

2. Foot Function Index (FFI) (Buduiman-Mak et al., 1991) was used to assess function, 

pain and disability of the foot. This test was chosen as it is a reliable measurement 

specifically of lower limb function and correlates well with outcomes seen in other tests, 

such as the SF-36. (Martinez et al., 2016). (Appendix C) 

3. Short Form-36 (SF-36) (Ware et al., 1993) is a well-established tool within the burns 

environment and therefore the familiarity to burns surgeons will make its interpretation 

and implementation in the future easier. Other research studies have used SF-36 and this 

will make correlation with their results simpler (Edgar et al., 2010). SF-36 focuses on 

ADLs and the psychological wellbeing of patients. (Appendix D) 

 

Scoring of these questionnaires followed the standards that were laid out in the introductory 

chapter.  

b) Physiotherapy 

Patients were asked to wear shorts to limit constraint from clothing and to aid in the accuracy of 

measuring joint angles. A screening examination was then carried out, to ascertain if there were any 

undiagnosed injuries which may preclude the participants involvement. This involved testing knee 

ligaments and menisci for any signs of damage. 
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With the participant resting on a couch, active and passive joint ranges of motion were assessed. 

The joints that were measured included: Hips (flexion, extension, abduction, adduction), Knees 

(flexion and extension), Ankles (dorsiflexion, plantarflexion, eversion, and inversion), and Hallux 

(flexion and extension). The maximum Range of Motion (ROM) was assessed using a Goniometer 

by placing the fulcrum of the device over the anatomical landmark indicating the axis of the joint 

(Edgar, 2009). The arms of the device were aligned with the appropriate anatomical landmarks for 

each area. The ROM was recorded as the number of degrees between both arms of the device. 

The Oxford grading scale was used to assess muscle strength. This involves a 5-point scale from 0 

= no movement to 5 = full range movement against strong resistance (Clarkson 2000).  

Physiotherapy - Special tests 

 

Figure 26 Physiotherapy Special tests: (a) Timed Up and Go, (b) Single-Leg Standing, (c) Tandem Walk Test 
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A set of physiotherapy tests were devised for the patient to undertake before the gait lab, which 

would be used to ascertain the suitability to proceed in the study and compare conventional tests 

from other fields of medicine (Figure 3). The validity and reliability of which was discussed in the 

introductory chapter. Each test was conducted three times, with the average being used as the final 

recorded result (Jonsson, 2004). 

A Timed Up and Go test (TUG), which has been shown to be valid and reliable (Morris et al. 2001), 

was undertaken to measure the ability of patients to perform sequential locomotor tasks that 

incorporate walking and turning. 

A Single-Leg Standing test (SLS) (Vellas et al. 1997), which measures single-leg function and falls 

prediction, was undertaken in a controlled environment. To reduce the risk of falling, patients were 

asked to perform the test in between two handrails and with their eyes open (Finlay, 2010). Failure 

of the task and stopping of the timing was determined as either 1) the raised foot touching the floor, 

2) the patient holding onto one or both handrails, or 3) a maximum of 30 seconds had elapsed 

(Jonsson et al., 2004). 

A Tandem Walk Test (TWT) (Guralnik 1995) was administered to test for balance and neurological 

function. 

Visual assessments of patient gait were conducted, and observations were recorded. This was used, 

in part, to compare visual assessment of the patient’s gait, as would be done in a clinical setting 

with that recorded during three-dimensional motion analysis. 
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c) Gait 

Gait laboratory set up 

The gait analysis laboratory is based at Anglia Ruskin University in the Postgraduate Medical 

Institute (Figure 4). The lab itself is equipped with eight Vicon Nexus Motion Analysis System 

cameras (Vicon, Motion Systems Ltd., Oxford, UK) to measure three-dimensional kinematics. 

Within the floor of the laboratory there are two implanted AMTI Ground reaction force plates 

(AMTI, Inc., Watertown, MA). To prevent interference from aberrant vibrations the laboratory has 

been specially dampened to reduce noise interference in the results. 

 

Figure 27 Set up of Gait laboratory 

Patient Preparation 

Before the patient participated in the gait study, they were asked basic questions to ensure 

suitability and to gauge their understanding of the process. 

Patients were provided with a changing room and toilet so that they could change into clean cycling 

shorts provided. Clothing was standardised by using cycling shorts to prevent movement of the 

markers, shielding of markers from the cameras, and any movement impingement by clothes (e.g., 

too tight fitting). The markers were small lightweight balls and were therefore unlikely to inhibit 
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movement (Figure 5). Patients were provided with biscuits and drinks to maintain energy levels and 

help prevent fatigue. 

Marker placement 

 

Figure 28 Photo from Gait laboratory of lower-limb markers 

 

Figure 29 Oxford placement of markers- Reproduced from C-motion.com 
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Three-dimensional retro-reflective markers were placed on the foot and lower limbs. These were 

placed as per picture in Figure 6 and Figure 7. The lower-limb placements were chosen as per the 

Vicon motion systems standard placement. Marker placements were checked by the gait laboratory 

post Doctorate Supervisor to ensure standardisation across research groups and preserve any future 

research opportunities. 

To accurately measure the movement patterns of the patient, three-dimensional kinematic data was 

recorded using an eight-camera Vicon Nexus System (Vicon, Motion Systems Ltd., Oxford, UK). 

Each subject had retro-reflective markers placed at specific anatomical landmarks on the pelvis and 

both lower limbs to define joint and segment movements using a 6 degree of freedom capable 

marker set (Collins et al., 2009). The origin of segment motion in each plane was calculated with 

respect to a standing reference position in which participants stand in relaxed stance with both feet 

aligned with the laboratory X-axis. In accordance with the International Society of Biomechanics 

recommendations a joint coordinate system is used to calculate three-dimensional motion between 

adjacent segments (Wu et al., 2002). The Oxford Foot Model (Stebbins et al., 2006) was used to 

define the movement of the rear-foot, mid-foot and hallux. Foot Posture Index (Redmond et al., 

2008) was also assessed to quantify standing foot posture. Ground reaction force data of 

consecutive stance phases of the gait cycle was recorded using two ground embedded AMTI force 

plates (AMTI, Inc., Watertown, MA). Kinematic data was recorded at 120 Hz, with force data 

collected at 1000 Hz. 

The Oxford foot model was used to ascertain the geometry of the foot during walking. This has the 

advantage of giving us a comprehensive foot analysis at the same time as standard gait parameters 

being obtained. Due to the fragile skin of some of the patients, a hydrocolloid dressing was placed 

under the marker to prevent the adhesive on the markers tearing the skin when they were removed 

later. 
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Figure 30 Shank marker placement 

 

Calibration 

Before the patients were allowed to walk, the gait laboratory was calibrated for both static and 

dynamic recordings using an L-shaped wand with reflectors of known distances (Figure 8). This 

was performed before every new patient recruited. 
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Figure 31 Gait laboratory with calibration wand on force plate 

 

Before a dynamic test was performed a static recording of the patient’s marker was done so that 

distances could be measured and if markers fell off, they could be referenced from known 

landmarks and filled in (Figure 9). Before the dynamic phase was to begin both medial malleolus 

markers were removed, as these would rub against each other whilst walking potentially altering the 

gait pattern and most likely fall off. 
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Figure 32 Unlabelled Static reading 

 

Performing a gait trial 

 

Figure 33 Patient performing one trial- Patients walked from one rainbow start marker to the other over the 

force plate embedded in the floor. 
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Patients walked barefoot at their own speed on a ten-metre walkway (Figure 10). Patients were not 

informed of the embedded placement of the force plate to avoid patients compensating and biasing 

their gait pattern. 

 

Figure 34 Embedded force plate in gait laboratory floor 

To ensure patients struck the force plate in the right position, patients starting positions were 

adjusted from different coloured markers on a rainbow strip (Figures 11 and 12). The distance 

between matching colour rainbow strips was counted as one length and counted as one trial. To 

ensure that both feet were tested, patients were asked to alternate which leg they started off on. 

 

Figure 35 Coloured starting position strip 
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It was the aim to get five successful trials with consecutive contact with the force plate, whilst the 

computer calculates the gait pattern. 

At any point the participant could opt out and have a rest. Drinks and basic snacks were provided. 

There was also a member of the medical team on site in case of an accident. The participant was 

then provided with changing facilities including a shower, were thanked and returned home after all 

the assessments were complete. No financial incentives were offered except parking, which was 

provided free of charge, and reasonable travel expenses paid. 

Analysis 

a) Questionnaires 

All answers to the questionnaires were anonymised and put on an Excel spreadsheet for analysis 

with SPSS. 

The short form 36 used was SF36v1 survey after a Non-commercial licence agreement was agreed 

by Optum Insight Life Sciences, Inc. Rhode Island. 

Scoring, interpretation and reporting was using Quality Metric Health Outcomes Scoring Software 

5.1. 

b) Physiotherapy 

Physiotherapy data recorded was transferred to Excel spreadsheets and analysed using SPSS 

statistical software. Patients with any missing data were excluded from the physiotherapy analysis. 

Patient data was compared to the control group. 
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c) Gait 

Gait analysis required cleaning of the data as well as filling in the missing data points as described 

in the following relevant sections. 

Gait data cleaning 

Each trial is cleaned individually (Figure 13). The frame when the first foot hits the pressure plate 

was noted as Heel Strike 1 (HS1). This was defined as the first frame as soon as the ground reaction 

force arrow appears. Toe-off was defined as soon as the ground reaction force arrow disappeared at 

the front of the foot. The frames used for further analysis were calculated as TO2-HS1. These 

frames were then used to determine the discrete variables of mean and maximum velocity, stride 

length, step length, and stride time and step time for both feet. 

The middle frame within the gait sequence was used as the point to apply the 6 degrees of freedom–

Oxford foot model 6DOF-OFM. This model applies labels to the individual reflective markers 

within the computer program. The markers were labelled and coloured for the entire frame set 

(Figure 14). Each marker was then checked frame by frame through the set. Missing markers were 

added in using fixed anatomical reference points or looking at the flow of frames before and after 

using the computer program to suggest where in time and space it would be. Labels which were 

noted to be obviously in the wrong place were deleted from the selection and the process was 

repeated as if the marker had been absent from the original dataset by repeating label edit and gaps 

filled using a pattern fill. 

Patients with incomplete data labels after the trials were removed from the study. 

To allow comparison between participants, the gait cycles need to be normalised to 100 data points; 

this needs to be carried out so that left and right foot can be compared. If this is not done, the data 
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sets will have different lengths, and therefore cannot be analysed. Using the Visual3D software 

package, the heel strike and toe off data is inputted and a pipeline workshop analysis is performed 

to define the gait cycle as a percentage from 0 to 100%. 
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Figure 36 Cleaning and analysis of gait trials 
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Figure 37 Labelled patient performing gait trial 

 

Figure 38 Overlay of lower-limb model on labelled markers 
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Biomechanical analysis was performed using Visual3D v5 Professional software (by C-Motion 

Research Biomechanics Germantown, Maryland, United States). Angles were extrapolated from 

relevant markers so that movement around the foot could be analysed in three dimensions by 

looking at movement at the ankle and force (Figure 15). Ankle angle data was calculated with z, 

being displacement up, y- anterior and x being lateral movement. 

2.2B.4 Sample-size calculation 

A sample size was calculated to estimate the chance of detecting the effect of isolated foot burn 

outcomes and to minimise participant inconvenience and resource use. This would help reduce the 

chance that any real effect will be masked by the intrinsic variability of the study. 

The literature shows a paucity of data in isolated foot burn outcomes and there is no pilot study to 

compare. Most compare the demographics of isolated foot burns but not outcomes. With 

international geographical variations in incidence only Hemmington-gorse’s (2007) paper gives us 

an indication of number of isolated foot burns attending per year which was 233 patients over 5 

years with between 35 to 56 attending each year. However, 89 were paediatric cases which amounts 

to 28.8 cases per year. 

Reviewing the unit specific data, showed 536 patients attended over a 24-year period equating to 22 

patients per year. However, 324 were children leaving 212 with an average of 8.9 adult patients 

attending per year. Because the recruitment period is 1 year, and no similar data is available, only 

very large differences between burns patients and control groups can be assessed. Therefore, very 

large effect size descriptors of 1.2 were used as determined by Sawilowsky. 

The statistical power analysis programme G*Power Version 3.1.9.4 (Faul) was used to compute the 

sample-size requirements, this is a widely recognised software package for determining effect sizes. 
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Because most of the data will be a comparison of means, a difference between two independent 

means group was selected. A two-tailed test was selected as the data is non-directional and a power 

of 0.95 was selected, which means that a non-rejection of a false null hypothesis will be unlikely. 

 

 

Figure 39 G*power calculation for sample-size and results 

 

This produced a minimal requirement of 15 burns patients and 29 controls to demonstrate our 

required differences. 

2.2B.5 Storage of data 

Personal addresses and telephone numbers were only used to contact the patients and if needed to 

arrange transport. Only the medical team from the Burns Unit held patients’ details. Personal patient 

data was stored on the NHS computer which is password-protected, encrypted, and stored in a 
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secure locked department. Hospital data was dealt with in the same way as normal for doctors and 

NHS medical members of staff under the NHS Code of Confidentiality. Only anonymised details 

were given to Anglia Ruskin Gait laboratory, which were under their own code of confidentiality. 

Participants attending the gait laboratory were known by their unique study number and it was their 

choice whether they were comfortable to disclose their name; all Case Report Forms and research 

data were anonymised, and each patient record were given a unique number. 

Camera devices used to record the markers on the joints, had no capacity of recording any raw 

video. Photographs were only taken of some participants; images were stored on a camera and 

transported to the Medical Photography department of the Hospital. 

On the Anglia Ruskin University computers, the data was anonymised and stored on a password-

protected computer in the gait analysis laboratory, again with limited access. Collaborators at 

Anglia Ruskin University Gait Analysis laboratory had access to anonymised study data only. 

The Research Data was securely archived with limited access, on site, for the designated period. 

Data was stored for 5 years in accordance with the Trust’s record-keeping policy. 

2.2B.6 Dissemination of results 

It is envisioned that the Investigator will host a short seminar specifically for the research 

participants on completion of the project. This will be held within the Gait Analysis lab. 

2.2B.7 Ethics 

The participants to the study were informed and gave written consent. The study was approved by 

NHS Research Ethics Committee (South Central–Hampshire A, REC reference number 
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14/SC/1457). After ethical approval was given audits of data management was performed yearly. A 

lay member was also appointed to a study steering group. 

2.2B.8 Statistical analysis 

Analysis was conducted using the computer program SPSS (Statistical Package for the Social 

Sciences by IBM New York, United States). the modelling of gait analysis was conducted in liaison 

with the Clinical Trials Unit (CTU) using SPSS. 

All tests were assessed for normality using inspection of outlying data, distribution using the 

Shapiro–Wilks test for normality and looking at homogeneity of variances using the Levene’s test 

of equality of variances. An independent samples t-test was conducted if the data was shown to be 

normally distributed. If the results of the data exhibited a non-normal distribution, a non-parametric 

test of Mann-Whitney U was used instead.  
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 Chapter 3 – Epidemiology study 

 

Over the 24 years studied, 737 patients were identified from coding as having isolated foot burns 

(Figure 40). Out of these patients, 57 were excluded as incorrectly recorded, plus a further 144 for 

which we were unable to obtain any patient records. This left 536 patients with isolated foot burn 

injuries, with a total of 720 pedal burns (i.e., some patients had both feet burnt, giving a total of 2 

pedal burns per patient). These 536 patients were then further analysed for patient demographics, 

burn demographics, interventions, and outcome measures.  

 

 

 

 
Initial Coding 

Search 

539 Patients 

144 Notes not available 

 

Included in Study 

536 

57 patients incorrectly 

identified 

737 Patients Identified 

Figure 40 Flow diagram of patient note search 
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3.1 Patient demographics 

Within this section, patients who presented to the burns centre with isolated foot burns during the 24-

year period are analysed. This section will look at A) Incidence, B) Age and C) Gender. 

 

3.1A Incidence 

Analysis of the data obtained shows that the frequency of isolated foot burns has generally increased. 

It can also be noted however that there were two significant dips in 1990 and 1998. This can be partly 

attributed to the fact that patients’ notes are only retained for a limited time and destroyed if they are 

not needed, changing of coding systems, and the movement of the department in 1998. As this may 

alter the actual numbers, the average for only the years with results, and the overall average for the 

time frame have been calculated.  

 
 

Figure 41 Frequency of isolated foot burns by year - Looking at the number of cases from 1990 to 2013 it 

appears there is a gradually fluctuating increase in the total number of cases seen per year. 
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Table 4 Exact numbers of isolated foot burns by year of admission – The distribution of the 536 patients are 

shown in the years that contain patient data. 

 

As the data showed a non-linear relationship between the variables, a non-parametric spearman’s 

correlation was used to find a correlation between the frequency of admissions and the year 

variables. The monotonic features of the data appeared to be acceptable for the Spearman’s 

Correlation test to be conducted. The data showed no significant correlation between the variables 

of Year and Frequency (rs (16) = .145, p > .05). 

 

 Mean Standard deviation 

Only years with data 29.78 12.61 

All years within time frame 22.33 17.06 

 

 

Table 5 Mean attendance of isolated foot burns per year 

 

The total numbers of burns admissions per year over the time frame were analysed. Data for total 

admissions was only available from 2003-2013, therefore it was only possible to compare these years. 
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Table 6 Number of isolated foot burns shown as a percentage of total admissions per year - The average number 

of isolated foot burns were shown to vary from 2.53-6.22 % of total admissions per year 

   

As the data presented as linear, with no outliers, a Shapiro-Wilk’s test of normality was conducted 

which showed that both variables were normally distributed (p >.05). No significant association was 

found between Year and the Percentage of total admissions when using the Pearson’s correlation (r 

(9) = .241, p > .05). 

 

Grouping patients by month of injury shows the average attendances of 44.67 over the whole of the 

study. This works out as 2.48 patients per calendar month if only using the years with data (see Table 

7 and Figure 42). 
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Table 7 Numbers of burns patients shown by month of admission. 



 

 

144 

 

Figure 42 Bar chart showing number of admissions per month – December to February = Winter, March to May = 

Spring, June to August = Summer, September to November = Autumn. 

 

 A Kruskal-Wallis Test was employed, and the resulting analysis was not significant (p=0.219). This 

shows there is no significant variation across the year by looking at the actual and expected numbers 

of foot burns. This means that the hypothesis of no difference cannot be rejected and means that there 

is no statistical difference in the number of burn patients attending per month. Looking at the data 

there seems to be lower incidence of burns during the summer months (yellow) and the spring (green). 

However, their confidence intervals do overlap.  

 

 

 

 

Table 8 Incidence of burns by season over the years 

 

 Winter Spring Summer Autumn 

Chi-Square 11.333a 6.444b 4.000b 6.444c 

df 11 10 10 9 

Asymp. 

Sig. 
.416 .777 .947 .695 
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The months were categorised into three-monthly periods in accordance with the Northern 

Meteorological Seasons. Spring had the highest number of attendances. According to the Chi squared 

test of independence there is no significant variation in seasonal attendance over the years (p >.05). 

 

3.1B Age 

The average age of patients within the study was 18.61 years, with a standard deviation of 23.10. 

There is a high skewness in the distribution of age towards the paediatric end of the spectrum (Figure 

43).  

 

 
Figure 43 Distribution of patients by age and gender 
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3.1C Gender 

A descriptive overview shows that there is a higher proportion of males sustaining isolated foot 

burns - 63.1% were males and 36.9% females. The average age of female isolated foot burns was 

found to be 17 years (± 23.53) compared to 19.56 (± 22.82) for males, implying that male patients 

were on average older. 

 Mean Standard deviation N (%) 

Female 17.00 23.53 198 (36.9%) 

Male 19.56 22.82 338 (63.1%) 

Total 18.61 23.1 536 (100%) 

 Table 9 Average age of isolated foot burns patients by gender 

Looking at gender against place of injury shows men constitute the highest proportion in every 

category. Most accidents (50%) occur within the home environment in both genders. The overall 

female to male ratio is 1:1.71. The Pearson’s Chi-Squared test of independence between gender and 

place of injury shows a significant association (p value= 0.004, df=3). Among workplace injuries, the 

prevalence of males is especially pronounced (female to male ratio reaches 1:6.67). In contrast, 

injuries that occurred at home occurred mostly with women (female to male ratio is the lowest 1:148).  

 

 

Place of injury Total 

Gender Home Outside home Unknown Work 

 

Female 107 10 75 6 198 

Male 159 22 117 40 338 

Female to male ratio 1:1.48 1:2.2 1:1.56 1:6.67 1:1.71 

Total 266 32 192 46 536 
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Table 10 Location of injury according to gender 

 

3.2 Burn Demographics 

In this section, descriptive analysis will be presented on the burn demographics of Mechanisms, 

Depth, and Anatomical Burn Distribution; further analysis will also be presented within these 

subsections. 

 

3.2.1 Mechanisms 

An analysis of whether mechanism of burn has changed over the years presents a problem from a 

statistical point of view. This is due to the fact that many of the years and categories have low or no 

patient numbers, but what can be seen is that scalds have the greatest number of patients per year and 

this has remained stable over the observed time period. 
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Table 11  Different mechanisms of isolated foot burns by year of admission 

 

A Chi-Squared analysis was undertaken for each subgroup of mechanism of injury comparing the 

expected to the actual for each month. Only scald, flame and contact could be analysed as the other 

groups had too small numbers and there were cells containing less than 5 observations. 
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1990 0 0 0 1 0 0 0 0 1 

1994 2 0 0 1 0 0 18 0 21 

1995 0 1 0 4 0 0 24 0 29 

1996 1 2 0 2 0 0 27 0 32 

1997 2 1 0 4 0 0 36 0 43 

1998 4 1 0 2 0 0 33 0 40 

1999 1 1 0 1 0 0 8 0 11 

2003 3 8 0 1 0 1 21 0 34 

2004 4 4 0 1 1 1 20 0 31 

2005 2 8 0 0 0 0 24 0 34 

2006 1 5 0 0 0 0 13 0 19 

2007 2 11 1 4 0 0 23 0 41 

2008 2 7 0 1 0 1 21 0 32 

2009 3 5 0 2 0 0 21 2 33 

2010 4 10 0 2 0 3 39 0 58 

2011 1 3 0 4 0 0 18 1 27 

2012 1 8 0 0 0 0 13 0 22 

2013 0 8 0 0 0 0 20 0 28 

Total 33 83 1 30 1 6 379 3 536 
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Table 12 P values from the chi-square test of the equality of the distribution of burn counts over months 

 

Looking at type of burn compared to month and its prevalence within that month there is no 

statistical difference (Chi Squared) to suggest there is a variation in mechanism of injury by month. 

 

 

Figure 44 Pie chart showing mechanism of injury 

 

Scald injuries represented the most common cause with an overall percentage of 71%. When breaking 

down the data by age, scalds are still the most common, but the percentage has fallen to 55.19% in 

adults and increased to 80.86% in children. 
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Figure 45 Table showing the breakdown of type of scald and mechanism of burn – S = Split thickness, DD = Deep 

Dermal, FT = Full Thickness 

 

Upon review into scalds the aetiology is mainly oil-based (51%), with water being the second most 

common (49%). Analysis was conducted using a Chi-square which found a significant difference 

between mechanism of injury (Oil or Water), and depth of burn (S, DD, and, FT) (χ(2) = 12.7, p = 

<.005.); demonstrating that the mechanism of oil results in deeper burns. 
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3.2.2 Depth 

Feet have a unique composition comprising of glabrous skin. It is known that skin thickness can 

influence burn depth. Therefore any knowledge of the unique characteristics of isolated burns will be 

examined (Martin and Falder, 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 13 Table looking at mechanism and depth of injury in adults and paediatric patients 

 

ADULT 

Superficial 

Partial 

Thickness Deep Dermal 

Full 

Thickness Total 

Chemical 8 (28%) 6 (21%) 15 (52%) 29 

Contact 5 (15%) 7 (21%) 21 (64%) 33 

Electrical 0 0 1 (100%) 1 

Flame 14 (48%) 5 (17%) 10 (34%) 29 

Flash 0 1 (100%) 0 1 

Friction 0 0 1 (100%) 1 

Scald 34 (29%) 55 (47%) 28 (24%) 117 

Unknown 0 1 (100%) 0 1 

Total 61 (29%) 75 (35%) 76 (36%) 212 

     

PAEDIATRIC     

Chemical 0 2 (50%) 2 (50%) 4 

Contact 29 (58%) 12 (24%) 9 (18%) 50 

Flame 0 0 1 (100%) 1 

Friction 0 1 (20%) 4 (80%) 5 

Scald 205 (78%) 37 (14%) 20 (8%) 262 

Unknown 1 (50%) 0 1 (50%) 2 

Total 235 (73%) 52 (16%) 37 (11%) 324 
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As a percentage of each mechanism, both friction and electrical burns were at 100% full thickness in 

adults. In paediatric the highest group is flame with 100% full thickness, although sample numbers 

are small. Both adults and paediatric with chemical burns had approximately 50% of their population 

sustaining full thickness injuries. The biggest disparity between ages is found with contact burns 

where 64% in adults are full thickness, compared to 18% in paediatric. 

 

 

A Pearson Chi-squared analysis of expected and observed depths of burn across different 

mechanisms shows a significant difference (X=75.756, df=14, p=0.00). The difference seen in 

contact burns is still present when age groups are combined, with 1.7 times more observed patients 

than expected sustaining a full thickness injury. 

 

3.2.3 Anatomical Burn Distribution 

As the literature review has stressed, little is known about the comparative study of anatomical 

patterns of isolated foot burns. It is known that pattern recognition and knowledge of frequency of 

distribution can help with NAI (Chester et al., 2006). 

 

 Type of burn Total 

Chemical Contact Electrical Flame Flash Friction Scald Other 

Max 

depth 

SPT 
Observed 8 34 0 14 0 0 239 1 296 

Expected 18.2 45.8 .6 16.6 .6 3.3 209.3 1.7 296.0 

DD 
Observed 8 19 0 5 1 1 92 1 127 

Expected 7.8 19.7 .2 7.1 .2 1.4 89.8 .7 127.0 

FT 
Observed 17 30 1 11 0 5 48 1 113 

Expected 7.0 17.5 .2 6.3 .2 1.3 79.9 .6 113.0 

Total Expected 33 83 1 30 1 6 379 3 536 

Table 14 Table comparing type of burn and maximum depth 
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Table 15 Anatomical distribution of burns divided into adults and paediatric 

 

The dorsum of the foot has the highest rate of involvement for both adults and paediatric. In 

percentage terms of percent of number of burnt soles of feet, paediatric were double that of adults. 

The average age of the adult population is in the forties except for ankle burns which is the mid-

thirties. Interestingly the converse is seen in paediatric with most burns happening around the age of 

two and ankle burns happening after three years of age. 

 

 

Left 

plantar 

Left 

dorsum 

Left 

ankle 

Right 

plantar 

Right 

dorsum 

Right 

ankle 

Adult 

212 

 

N 27 102 37 27 127 41 

Percentage 

12.73 48.11 17.45 12.73 59.9 19.33 

Mean age 46.982 44.915 34.937 44.569 43.2792 35.07 

Median age 44.307 42.059 29.364 39.945 41.3781 30.37 

Std. Deviation 23.147 20.426 14.321 20.93 18.3199 14.04 

Minimum 16.847 16.126 16.701 16.214 16.3836 16.38 

Maximum 96.321 98.082 64.37 96.321 96.3205 63.64 

        

Paediatric 

324 

N 77 172 71 81 194 82 

Percentage 23.76 53.09 21.91 25 59.88 25.31 

Mean age 2.2702 2.7325 3.3529 1.905 2.74598 3.313 

Median age 1.5233 1.511 1.6603 1.5233 1.55342 1.723 

Std. Deviation 2.4785 3.4391 4.0547 1.7265 3.28761 3.706 

Minimum 0.0247 0.0767 0.0849 0.0247 0.11507 0.115 

Maximum 15.953 15.953 15.953 12.132 15.6548 14.8 
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111 patients sustained some form of bilateral involvement. Some patients will have multiple areas on 

both feet, as a result a percentage of bilateral foot patients with an injury is a better way to review the 

data.  

 

Table 16 Bilateral feet injury patients broken down by area of foot involved 

 

Most bilateral injuries had some form of dorsum of foot involvement (>84%). Patients with mirrored 

bilateral areas were: 43 plantar bilateral, 91 bilateral dorsum burns and 40 bilateral ankles. 

 

 Scald Flame Contact Chemical 

Any Plantar 37 0 5 1 

Any 

Dorsum 

86 1 4 0 

Any Ankle 

40 0 0 0 

Dorsum 

No plantar 

47 1 3 0 

Dorsum 

No plantar 

No ankles 

28 0 3 

0 

Plantar 

No dorsum 

3 0 4 1 

Plantar  

No dorsum 

No ankles 

3 0 4 

1 

Ankle  

No dorsum 

3 0 0 0 

Ankles 

No plantar 

No dorsum 

3 0 0 

0 

Table 17 Table looking at the bilateral injuries of paediatric patients 

 

Left 

plantar Left dorsum Left ankle 

Right 

plantar Right dorsum Right ankle 

Number 49 94 43 48 97 45 

Percentage 

of bilateral 

patients 

44.14 84.68 38.74 43.24 87.39 40.54 
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Isolating only bilateral areas in the paediatric population and excluding any other areas involved 

shows 43 patients. Most were bilateral scalds to the dorsum of the feet with isolated sole of foot 

showing a greater likelihood of contact burn. It remains an open question, why both soles of feet in a 

paediatric case were burnt, as pain should prevent the second foot from being injured. 

 
Chemical Contact Flame Scald Unknown Other Total 

Unilateral 19 64 14 245 3 7 352 

Bilateral 14 19 16 134 0 1 184 

Total 33 83 30 379 3 8 536 

Percentage 42.42% 22.89% 53.33% 35.35% 0% 12.50%  

Table 18 Table reviewing bilateral patients by method of injury 

Conducting the Pearson’s Chi-Square test on bilateral feet burns and type of burn show that they are 

significantly associated (p =0.015, df=5). Flame injuries had the highest percentage of bilateral 

injuries at 53.33%. 
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3.3 Interventions 

78.7% of paediatric patients required no surgical intervention. This compares to adults where almost 

half underwent an operative procedure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 19 Number of operations by age group 

 

1.9% of paediatric required more than one operation; this compares to adults where 5.1% had a 

surgical procedure carried out. 

 

 

 

 

 

 

Number of 

Operations Frequency Percent 

Paediatric 0 255 78.7 

 
1 63 19.4 

 
2 6 1.9 

 
Total 324 100.0 

Adult 0 111 52.4 

 
1 90 42.5 

 
2 9 4.2 

 

3 2 .9 

 
Total 212 100.0 
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3.3.1 Surgical interventions compared to type of burn 

 Any Surgical Intervention 

No surgical 

intervention 

Surgical 

intervention 

Type of burn 

Chemical 
Count 20 13 

Expected Count 22.4 10.6 

Contact 
Count 59 24 

Expected Count 56.4 26.6 

Electrical 
Count 0 1 

Expected Count .7 .3 

Flame 
Count 17 13 

Expected Count 20.4 9.6 

Flash 
Count 0 1 

Expected Count .7 .3 

Friction 
Count 0 6 

Expected Count 4.1 1.9 

Scald 
Count 266 113 

Expected Count 257.4 121.6 

Unknown 
Count 2 1 

Expected Count 2.0 1.0 

 
TOTAL 364.0 172.0 

Table 20 Surgical intervention shown by type of burn 

A Pearson Chi-Squared was carried out comparing surgical interventions and type of burn. The 

analysis was significant (X=20.764, p=0.004). The likelihood of surgical intervention is different 

depending upon mechanism of injury. 
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Number of Operations 

 
Adult  0 1 2 3 Total 

Chemical 17 12 0 0 29 

Contact 17 12 3 1 33 

Electrical 0 0 1 0 1 

Flame 17 11 1 0 29 

Flash 0 1 0 0 1 

Friction 0 1 0 0 1 

Scald 59 53 4 1 117 

Unknown 1 0 0 0 1 

 Total 111 90 9 2 212 

Paediatric Chemical 3 1 0 0 4 

Contact 43 6 1 0 50 

Flame 0 1 0 0 1 

Friction 0 3 2 0 5 

Scald 208 51 3 0 262 

Unknown 1 1 0 0 2 

Total 255 63 6 0 324 

 

 

Dividing mechanism by age shows that paediatrics’ contact burns required surgery only 14% of the 

time, which is in contrast to 48% in adults. The number of operations divided by age show that 6 

patients (9%) in the paediatric group required more than one operation, with scald accounting for 

most of these. In 11% of cases, adult operations require more than one trip to theatre. Contact burns 

required more than one operation in 2% of paediatric and 12% in adults. 

 

 

 

Table 21 Table showing surgical intervention by type of burn and age of patient 
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3.3.2 Type of surgical intervention required 

 

Type of 

burn SSG Flap Biobrane Amputation Escharotomy 

Other 

Surgery 

Adult Chemical 9 1 0 0 0 0 

 
Contact 15 4 0 1 1 5 

 
Electrical 0 1 0 1 1 1 

 
Flame 12 0 0 1 0 2 

 
Flash 1 0 0 0 0 0 

 
Friction 0 0 0 0 0 0 

 
Scald 59 1 0 0 1 3 

 
Unknown 0 0 0 0 0 0 

 
Total 96 7 0 3 3 11 

  

 

    

 

Paediatric Chemical 1 0 0 0 0 0 

 
Contact 7 0 0 0 0 0 

 
Flame 1 0 0 0 0 0 

 
Friction 5 1 0 0 0 1 

 
Scald 47 0 4 0 0 1 

 
Unknown 1 0 0 0 0 0 

 
Total 62 1 4 0 0 2 

 

Table 22 Table showing types of surgical intervention by mechanism of injury 

 

SSG was the most frequently used operation accounting for 158 of the 189 operations (83.6%). Scalds 

in both age groups required the largest number of SSG interventions. 17.5% in paediatric compared 

to 45.0% in adults. No paediatric cases required amputation or escharotomy/fasciotomy. This is in 

comparison to 3 cases in both groups in the adult population. 7 flaps were undertaken in the adult 

group compared to only one paediatric case. Contact burns had the highest number of flaps at 4, which 

accounted for 8% of that group. 
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 Plantar Dorsum Ankle 

Paediatric 1: 4.1 1: 3.64 1:2.28 

Adult 1: 1.52 1: 1.36 1:1.26 

 

Table 23 Table reviewing ratios of conservative to surgery by location of burn 

 

The ratios of conservative management versus surgery are outlined above, for both paediatrics and 

adults. In both populations, the ankle is the most common site for surgery, followed by the dorsum 

of the foot, with plantar burns being the least common site for surgery. With all locations of burn, 

adults are more likely to undergo operative treatment than paediatric cases. 

SSG was the main modality for reconstruction, with only 1 flap reconstruction in paediatric cases 

compared to 8 in adults. The 1 flap reconstruction for a paediatric case was involving the right ankle. 

 

 Any Surgical Intervention Total 

No surgical 

intervention 

Surgical 

intervention 

Max depth 

SPT 
Count 260 36 296 

Expected Count 201.0 95.0 296.0 

DD 
Count 78 49 127 

Expected Count 86.2 40.8 127.0 

FT 
Count 26 87 113 

Expected Count 76.7 36.3 113.0 

Total 
Count 364 172 536 

Expected Count 364.0 172.0 536.0 
 

Table 24 surgical interventions by maximum depth of burn wound 
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Using a Pearson Chi-squared test, a relationship was found between depth of burn and surgical 

intervention (X=160.939, df=2, p=0.000). The table shows that superficial burns were less likely to 

be operated on, and full thickness injuries were more likely to have surgical intervention. This may 

seem like an obvious result; however, it shows that isolated foot burns do not deviate from the norm. 

 

3.3.3 Mobilisation Intervention 

To ascertain the impact of different mobilisation therapies post graft, all the patients who received an 

SSG were included for more in-depth analysis. Only a certain number of patients had therapy notes 

available and only those who had completed their therapy regime were included. Patients who chose 

not to return or for whom care was handed over to another unit, were excluded. 

 

 Number 

Adult- No surgical intervention 116 

Surgical intervention- SSG 96 

Total 212 

Paediatric- No surgical intervention 262 

Surgical intervention- SSG 62 

Total 324 

 

Table 25 Table showing number of patients with surgical interventions by age 

 

A total of 158 patients required split thickness grafting. If patients had received other operations, then 

they were eliminated from analysis. This left 45 patients who had a full therapy data set. As the sample 

size is rather small and the distribution of mobilisation day is not normally distributed, a Mann-
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Whitney U test was implemented to review the unpaired data and evaluate the significance of 

differences in the day of mobilisation between the two groups (with and without complications). 

 

 

 Mean day of 

mobilisation 

95% CI 

Complications 5.24 3.41-7.07 

No Complications 5.42 3.79-7.04 

 

Table 26 Table showing average day of mobilisation by complication group 

 

The complications groups were mobilised earlier (5.24 days) than patients with no complications 

(5.42 days). Although there is a small difference in the mean day of mobilisation, it was not found to 

be significant (p=0.836). 
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3.4 Outcome measures 

Outcomes will be grouped into A) Complications, B) Time to heal and C) Length of stay 

 

3.4A Outcome: Complications 

Complications were defined as infection, scarring and loss of reconstruction. Those that did not fall 

into these categories were defined as “Other”. 62 paediatric (19%) and 88 adults (42%) cases suffered 

some form of complication. The highest complication in paediatric cases was scarring (12%), 

compared to infection being the most common in adults (27.4%).  

 

 

 

 

 

Any 

complications Infection Scaring 

Loss of 

reconstruction 

Complication 

other 

n % n % n % n % n % 

Adult 88 41.5 58 27.4 20 9.4 15 7.1 10 4.7 

Paediatric 62 19.1 25 7.7 39 12.0 4 1.2 12 3.7 

 

Table 27 Table showing overview of complications by age 
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Outcome: General complication analysis 

 B S.E. Sig. 

Step 1a Outpatient attendance -1.862 .898 .038 

Any Surgical Intervention -.170 1.205 .888 

SSG .340 .895 .704 

Flap -.875 1.367 .522 

Biobrane -.053 1.486 .971 

Other Surgery -.236 1.160 .839 

Conservative 1.162 .428 .007 

Number Operations 1.648 .956 .085 

Antibiotics .900 .329 .006 

DOB .000 .000 .027 

Gender .303 .260 .243 

IDDM -1.401 1.495 .349 

NIDDM -2.312 1.244 .063 

IHD -.264 1.205 .827 

PVD -1.238 1.344 .357 

Peripheral Neuropathy 1.933 .716 .007 

Smoker -.062 .573 .914 

Constant 3.853 3.128 .218 

 

Table 28 Regression analysis of factors influencing complications in outcomes – IDDM = Insulin dependent 

diabetes mellitus, NIDDM = Non-Insulin dependent diabetes  

 

Logistics regression has been used with complications as a binary dependent variable (1 – some 

complications, 0 – no complications). At the 5% level of significance, the probability of having 

complications increases with conservative management, Antibiotics, and peripheral neuropathy. The 

probability of having complications decreases with outpatient attendance. Antibiotic use is usually a 

sign of delayed presentation and presenting with an infection. 
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3.4B Outcome: Time to heal 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -93.670 29.086  -3.220 .001 

Date of Birth .003 .001 .880 4.045 .000 

Gender -.541 2.006 -.011 -.269 .788 

Years calculated 1.465 .256 1.281 5.712 .000 

IDDM 9.670 13.556 .039 .713 .476 

NIDDM 3.094 12.885 .011 .240 .810 

 
IHD -22.924 9.964 -.121 -2.301 .022 

 
PVD 1.390 13.658 .004 .102 .919 

 
Peripheral Neuropathy 34.691 7.067 .239 4.909 .000 

 
Smoker -8.661 4.936 -.073 -1.754 .080 

Immunosuppressed 1.154 19.420 .002 .059 .953 

L plantar 3.313 4.973 .054 .666 .506 

 
LP Percent -11.951 5.793 -.197 -2.063 .040 

 
L dorsum -8.164 4.774 -.166 -1.710 .088 

LD Percent 6.507 3.445 .136 1.889 .060 

L Ankle -1.583 5.231 -.027 -.303 .762 

LA Percent 1.829 7.054 .025 .259 .796 

Right plantar -2.754 4.943 -.045 -.557 .578 

RP Percent 7.760 5.617 .131 1.381 .168 

Right Dorsum -.190 4.347 -.004 -.044 .965 

RD Percent 4.888 3.320 .101 1.472 .142 

R Ankle -3.572 4.568 -.063 -.782 .435 

RA Percent 4.029 5.788 .058 .696 .487 

Any Right -5.824 6.413 -.107 -.908 .364 

other burn -.013 3.178 .000 -.004 .997 

Total Burn .024 .734 .002 .033 .974 

Bilateral 1.382 4.342 .027 .318 .750 

Maximum depth Deep Dermal 4.740 2.828 .078 1.676 .095 

 
Maximum depth Full Thickness 12.127 3.180 .187 3.813 .000 

 
Outpatient -4.277 5.219 -.082 -.819 .413 

Inpatient 2.384 5.353 .045 .445 .656 

Any Surgical Intervention -1.196 8.901 -.022 -.134 .893 
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SSG -14.790 7.400 -.269 -1.999 .046 

 
Flap 16.561 11.761 .067 1.408 .160 

Biobrane -23.195 12.088 -.093 -1.919 .056 

Other Surgery -10.246 8.940 -.058 -1.146 .253 

 
Conservative 6.679 3.375 .114 1.979 .049 

 
Number Operations 19.003 5.707 .416 3.330 .001 

 
Antibiotics -1.801 3.055 -.029 -.589 .556 

a. Dependent Variable: Time to fully healed (days) 

 

Table 29 Regression analysis of factors effecting time to heal 

 

Multiple regression was used, with a continuous variable reflecting time to fully heal (in days) as the 

dependent variable. At the 5% level of significance, the results show that the time to fully heal is on 

average 0.003 higher for each additional increase in DOB by 1 day. A number of other effects are 

significant at the 5% significance level (p<0.05). An increase in time to heal was shown in Peripheral 

Neuropathy (34.7 days), Full thickness (12.1 days), and Conservative management (6.7 days). 

Meanwhile, a decrease was shown with Left plantar burn % (-11.95 days), Skin graft (-14.8 days), 

and Biobrane (-23.2 days) 
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3.4C Outcome: Length of Stay 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 30.090 5.588  5.384 .000 

Date of Birth -.001 .000 -1.091 -5.790 .000 

Gender -.343 .393 -.029 -.873 .383 

Years calculated -.247 .049 -.987 -5.043 .000 

IDDM -.379 2.182 -.007 -.174 .862 

NIDDM -.255 1.517 -.006 -.168 .867 

IHD 2.621 1.732 .058 1.513 .131 

PVD 3.156 1.917 .056 1.646 .100 

Peripheral Neuropathy .334 1.207 .011 .277 .782 

Smoker -.309 .863 -.013 -.358 .721 

Immunosuppressed 1.985 2.887 .022 .687 .492 

L plantar .455 1.018 .032 .447 .655 

LP Percent -.323 1.174 -.022 -.275 .783 

L dorsum .692 .933 .061 .742 .459 

LD Percent -.414 .676 -.037 -.611 .541 

L Ankle -.043 1.001 -.003 -.043 .966 

LA Percent 1.637 1.289 .097 1.270 .205 

Right plantar .011 .975 .001 .012 .991 

RP Percent 1.653 1.109 .117 1.491 .137 

Right Dorsum 1.074 .841 .093 1.276 .203 

RD Percent -.374 .617 -.034 -.605 .545 

R Ankle -1.258 .890 -.094 -1.413 .158 

RA Percent .201 1.077 .013 .187 .852 

Any Right .073 1.268 .006 .058 .954 

other burn -.213 .637 -.016 -.334 .738 

Total Burn .606 .148 .243 4.092 .000 

Bilateral -.301 .855 -.025 -.352 .725 

Maximum depth Deep Dermal .284 .525 .021 .540 .589 

Maximum depth Full Thickness .350 .615 .024 .569 .570 

Outpatient -.305 .998 -.026 -.305 .760 

Inpatient .853 1.044 .071 .817 .414 

Any Surgical Intervention 1.557 1.847 .126 .843 .400 
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SSG 2.522 1.537 .198 1.641 .102 

flap 6.351 2.186 .123 2.906 .004 

Biobrane -4.429 2.576 -.070 -1.720 .086 

other Surgery -3.055 1.827 -.076 -1.672 .095 

Conservative -.722 .672 -.053 -1.075 .283 

Number Operations .497 1.178 .047 .422 .673 

Antibiotics -.217 .584 -.015 -.372 .710 

a. Dependent Variable: LOS (days) 

 

Table 30 Regression analysis of factors effecting length of stay in hospital 

 

Multiple regression was used, with LOS (in days) as a continuous dependent variable. At the 5% level 

of significance, the results show that the LOS is on average 0.001 lower for each additional increase 

in date of birth by 1 day. LOS is on average 0.247 lower for each additional increase in years 

calculated. LOS is on average 0.606 days higher for each additional increase in 1%TBSA. LOS is on 

average 6.351 higher if a flap is used for reconstruction. The average LOS for children was 3.969 

compared to 5.637 in adults.  

 

The question is posed: are all 1% TBSA the same or are feet special? To provide comparison, all 1% 

TBSA admitted with different anatomical areas were reviewed and only people with no comorbidities 

were compared. The data was gathered using a similar database to the feet. The burns were classified 

into superficial and deep. The data was then categorised into chest, face, feet and hands.  



 

 

169 

 

Figure 46 Bar chart showing average length of stay per 1% TBSA in different anatomical areas 

 

Groups Sample size Mean (Days) Variance 

DEEP CHEST 85 0.01 0.01 

DEEP FACE 301 0.20 0.88 

DEEP FEET 169 5.66 74.06 

DEEP HAND 172 0.42 3.34 

SPT CHEST 94 0.07 0.07 

SPT FACE 70 0.11 0.13 

SPT FEET 275 3.99 27.90 

SPT HAND 113 0.04 0.034 

Total 1279 1.72 21.10 
 

Table 31 Descriptive table of actual numbers of patients analysed for length of stay 
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A one-way analysis of variance (ANOVA) was conducted with depth as the dependent variable and 

the location of burn as the grouping variable. The test statistic was significant (p= <0.001), showing 

that the length of stay was significantly different among burns of the same size in different locations. 

Feet had the longest length of stay for superficial burns at 3.99 days, followed by face at 0.11, chest 

at 0.07 and hand at 0.04 days. When looking at deeper burns of the same size, feet burns caused the 

highest length of stay at 5.66 days longer than the equivalent superficial burn. The order of the other 

burns was slightly different with hand 0.42 days, face, 0.2, and chest 0.01. 

 

According to the subset analysis there was no statistical differences between groups that did not 

involve feet. By comparing superficial versus deep burns, it was noted that deep burns increased 

length of stay on average by 1.68 days, and this was also statistically significant (p=0.013). 
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Chapter– 4– Results – Recruitment of 

Participants 

Over 737 patients were identified as having sustained an isolated foot burn over the last 24 years 

and approached to participate. Out of these patients 57 were excluded as incorrectly recorded, plus a 

further 144 for which we were unable to obtain any patient records. This left 536 patients with 

isolated foot burn injuries, with a total of 720 pedal burns (i.e., some patients had both feet burnt, 

giving a total of two pedal burns per patient). These 536 patients were then further analysed for 

patient demographics, burn demographics and suitability for inclusion in the research. 326 were 

children at the time of burn and excluded leaving 212 adults. 16 isolated pedal burns participants 

were recruited to the study and completed all components; this group of 16 is present throughout the 

results as the ‘Burns’ group. 60 controls were approached however only 30 were eligible for 

inclusion due to previous lower leg trauma. There were no missing data values from the respondents 

and all the questions were answered. The results of each set of assessments will be presented across 

three distinct chapters. 
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Participant 

No. 

Age Gender Mechanism of 

Burn 

TBSA Grafted Days 

post burn 

1 34 M Scald 0.5 Yes 56 

2 57 F Scald 1 No 21 

3 31 M Scald 1 No 35 

4 44 F Scald 1 Yes 478 

5 33 M Chemical 2 Yes 242 

6 42 M Chemical 1 No 28 

7 47 M Scald 0.5 No 84 

8 21 F Contact 2 Yes 194 

9 50 M Flame 7 Yes 237 

10 35 F Scald 2 Yes 1397 

11 53 M Chemical 2 No 35 

12 28 M Scald 1 Yes 30 

13 40 F Contact 1 No 23 

14 34 F Flame 1.5 No 14 

15 23 F Cold 0.5 No 103 

16 17 F Scald 1 Yes 282 

 

Table 32 Burn demographics of isolated foot burn patients recruited to study 
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Figure 47 Graph showing number of patients recruited against their time post burn in months 

 

The two groups were analysed for differences to ensure a fair comparison could be drawn with no 

confounding factors. 

 

 

 

 

 

 

 

 

Table 33 Age Demographics of burn patients and controls 
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 36.31 

2.922 

34.23 

2.002 
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30.08 

42.54 

30.14 

38.33 

Median  34.00 30.00 

Std. Deviation  11.689 10.966 

Minimum  17 21 

Maximum  57 61 
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Normality was assessed using the Shapiro-Wilkes test. A value of above 0.05 was deemed to be 

normally distributed. Looking at the ages and gender differences between the patient and controls 

groups demonstrated that only age in the burn patients exhibited normality. The rest had values of 

lower than 0.05. Therefore, nonparametric tests were required as the assumptions for a parametric 

test were violated. 

The nonparametric Mann- Whitney U-test was used to look at the continuous variable of age. The 

test showed 0.393 which mean the null hypothesis cannot be rejected and age is not significantly 

different between the two groups. The ages of both groups appear to be comparable in several ways 

including, range, minimum, maximum and standard deviations. 

 

4.1 Gender 

To assess differences in the dichotomous nominal data of gender the Pearson Chi-Squared test was 

performed which showed a value of 0.181 which mean the null hypothesis cannot be rejected and 

there is no significant difference in gender between the burn and control groups. 

 

 

 

Table 34 Gender demographics of burn patients and controls 

 

 

 N Male Female Ratio 

Burn 16 8 8 1:1 

Control 30 9 21 2.3:1 
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4.2 BMI 

The two samples of burn and control were analysed for BMI distribution, to ensure the groups were 

not significantly different. The sample size of the burn sample was 16 and the control sample was 

30. The average BMI scores of the burn sample was 28.93 (±5.69) and control sample was 26.34 

(±4.30). The assumption of homogeneity of variances was met with a significance value of p = .219, 

as assessed by Levene’s test for equality of variances. Mean BMI scores were 2.59 (Std. Err ±1.49) 

points higher in the burn sample. A significant difference was not found when conducting the 

independent samples T-test (t (44) = 1.738, p = .089). 

4.3 Post-burn timing 

Maturation of burn scars is a debated topic, with references quoting from six months up to five 

years (Chapman, 2007). Most agree, it takes over one year (Goel & Shrivastava, 2010); therefore, 

with only two participants having post burn timings of over one year, the sample size is limited in 

its ability to be analysed. This lack of participants is likely due to the distance that would need to be 

travelled by follow up patients who have no other reason to attend, as they no longer have 

appointments.  
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178 

Chapter 5 – Results - Questionnaires 

Three questionnaires were administered to burns patients and control groups. The questionnaires 

chosen were Foot Function index, Lower Extremity Functional Scale and Short Form 36. These are 

well-established tests used in different areas of medicine. They were chosen as they assess various 

aspects of patients’ health including pain, disability, activity restriction, function and mental health 

outcome measures. These help us understand whether burn injuries impact patients’ lives and help 

establish a holistic care approach to manage future foot burn interventions. 

The overall aim of this chapter is to assess if there are any differences in the burn population and 

the control groups. 

Primary Hypothesis 

The null hypothesis is that there are no differences 

 in questionnaire scores between the isolated foot burn patients and the control population. 

A secondary aim would be to see if interventions made to the isolated foot burns group made any 

impact on patients physical and mental wellbeing. 

Secondary Hypothesis 

The null hypothesis is that interventions in the isolated foot burns patients has no significant 

differences in questionnaire scores. 
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5.1 Overall Scores 

 

5.1.1 Lower Extremity Functional Scale (LEFS) 

The burn and control groups showed a mean score of 59 (Std. Error = 5.794) and 79.57 (Std. Error 

= .252) respectively, showing control participants to have a better outcome than the burn sample in 

their LEFS Total scores by approximately 20 points. A Shapiro-Wilk’s test demonstrated that both 

the burn and control samples did not meet normality requirements of > .05 (.016 and.000 

respectively). Therefore, a Mann–Whitney U-test was required to compare the two samples. The 

Mann–Whitney U-test resulted in a significant value of U = 100.5, Z = -4.05, p < .001. 

A further Mann–Whitney U-test was conducted on the individual items within the LEFS. Of the 20 

items, only 1 item resulted in a non-significant finding, Question 15 (U = 202.5, Z = -1.77, p = .07). 

However, it must be noted that the significance value only just falls outside of the .05 significance 

requirement. 
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 Mean Ranks - Burn Mean Ranks - 

Control 

Significance value 

LEFS Q1 16.00 27.50 p = .000 

LEFS Q2 14.13 28.50 p = .000 

LEFS Q3 20.69 25.00 p = .015 

LEFS Q4 18.81 26.00 p = .001 

LEFS Q5 16.94 27.00 p = .000 

LEFS Q6 18.81 26.00 p = .001 

LEFS Q7 20.69 25.00 p = .015 

LEFS Q8 19.75 25.50 p = .005 

LEFS Q9 15.06 28.00 p = .000 

LEFS Q10 20.19 25.27 p = .024 

LEFS Q11 17.88 26.50 p = .000 

LEFS Q12 15.06 28.00 p = .000 

LEFS Q13 17.88 26.50 p = .000 

LEFS Q14 15.75 27.63 p = .000 

LEFS Q15 21.16 24.75 p = .077 

LEFS Q16 15.50 27.77 p = .000 

LEFS Q17 14.56 28.27 p = .000 

LEFS Q18 15.50 27.77 p = .000 

LEFS Q19 17.62 26.63 p = .002 

LEFS Q20 20.69 25.00 p = .015 

 

Table 35 LEFS mean ranks and significance values 
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5.1.2 Foot Function Index (FFI) 

The FFI scores for both the burn and control groups resulted in mean total scores of 35.25 

(Std. Error = 10.138) and 1.70 (Standard Error =.680) respectively. This showed the burn sample to 

have a worse outcome than the control sample; with the burn sample scoring 20.7 times higher on 

average than the control sample. A Shapiro-Wilk’s test resulted in both samples not meeting the 

requirement of p >.05 (burn sample =.002, and control sample =.000), meaning both samples were 

not normally distributed. A Mann–Whitney U-test was used to compare the two samples. The 

Mann–Whitney U-test resulted in a significant difference between the burn and control sample total 

FFI scores (U = 91.5, Z = -3.69, p < .001). 

A further Mann–Whitney U-test was conducted on the 17 individual items of the FFI. 15 of 

the 17 items showed significant differences between the burn and control sample, with items 15 (U 

= 225.0, Z = -1.369, p = .171) and 16 (U = 225.0, Z = -1.369, p = .171) not showing a significant 

difference. Both items produced identical results despite differing data. 

 

 

 

 

 

 

 



 

 

182 

 Mean Rank - Burn Mean Rank - Control Significance value 

FFI Q1 32.13 18.90 p = .000 

FFI Q2 31.53 19.22 p = .000 

FFI Q3 31.50 19.23 p = .000 

FFI Q4 29.28 20.42 p = .014 

FFI Q5 29.88 20.10 p = .011 

FFI Q6 28.19 21.00 p = .001 

FFI Q7 30.06 20.00 p = .000 

FFI Q8 31.94 19.00 p = .000 

FFI Q9 29.13 20.50 p = .000 

FFI Q10 29.13 20.50 p = .000 

FFI Q11 31.66 19.15 p = .000 

FFI Q12 28.19 21.00 p = .001 

FFI Q13 30.06 20.00 p = .000 

FFI Q14 31.94 19.00 p = .000 

FFI Q15 24.44 23.00 p = .171 

FFI Q16 24.44 23.00 p = .171 

FFI Q17 32.78 18.55 p = .000 

 

Table 36 Mean FFI Ranks and significance values for burn and control samples 
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5.1.3 Short-Form 36 (SF36) 

The two summary scores resulting from the SF36 that were investigated were the Physical 

Component Summary (PCS) and the Mental Component Summary (MCS) scores. The PCS resulted 

in mean scores from the burn and control samples of 45.47 (Standard Error = 2.74) and 56.66 

(Standard Error =.519) respectively. This showed that the burn sample scored lower that the control 

sample. The MCS results demonstrated mean scores for the burn and control samples of 50.33 

(Standard Error = 3.01) and 53.67 (Standard Error =.885) respectively. Demonstrating that the burn 

sample’s mean scores were worse than the Control sample’s results. Not all normality assumptions 

were met, therefore a Mann–Whitney U-test was used for both the PCS and MCS. The Mann–

Whitney U-test resulted in significant findings for the PCS (U = 72.0, Z = -3.875, p < .001), but 

insignificant findings for the MCS (U = 224.0, Z = -.369, p > .05). 

The eight scale scores also generated by the SF36 were investigated; these consist of the following 

sub-scales; PF = Physical functioning, RP = Role-Physical, BP = Bodily Pain, GH = General 

Health, VT = Vitality, SF = Social Functioning, RE = Role-Emotional, MH = Mental Health.. Of 

the eight Scales, four of them showed significant results: PF (U = 136.0, Z = -3.107, p < .05), RP (U 

= 103.5, Z = -4.082, p < .001), BP (U = 138.0, Z = -2.499, p < .05), and SF (U = 99.0, Z = -3.840, p 

< .001). The RE scale came close to a significant result with significance values of U = 194.0, Z = -

1.813, p =.070. 
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 Mean Ranks –             

Burn 

N = 16 

Mean Ranks – 

Control 

N = 30 

Significance value 

PF 17.00 26.97 p = .002 

RP 14.97 28.05 p = .000 

BP 17.13 26.90 p = .012 

GH 20.03 25.35 p = .200 

VT 22.09 24.25 p = .602 

SF 14.69 28.20 p = .000 

RE 20.63 25.03 p = .070 

MH 21.50 24.57 p = .457 

 

Table 37 SF36 Scales mean ranks and significance for burn and control samples – PF = Physical functioning, RP 

= Role-Physical, BP = Bodily Pain, GH = General Health, VT = Vitality, SF = Social Functioning, RE = Role-

Emotional, MH = Mental Health. 

 

The Short-Form Six-Dimension (SF6D) scores were also investigated, which is a validated and 

abbreviated version of the SF36 scores. The burn sample (Mean Rank = 15.44) exhibited lower 

scores than the control sample (Mean Rank = 27.80). Similar results were also found in the 

SF6D_R2 scores with the burn sample (Mean Rank = 15.81) scoring lower than the control sample 

(Mean Rank =26.97). Furthermore, through a Mann–Whitney U-test, it was found that both the 

SF6D (U = 111.0, Z = -2.995, p < .005) and SF6D_R2 (U = 117.0, Z = -2.751, p =.006) showed 

significant results. 
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 LEFS FFI PCS MCS 

Burns patients 

N=16 

59.00 

(±5.79) 

35.25 

(±10.13) 

45.47 (±2.74) 50.33 (± 

3.01) 

Control N = 30 79.57 

(±1.38) 

1.70 (±3.72) 56.70 (±2.75) 53.51 (± 

4.76) 

Significance p = < .001 p = < .001 p = < .001 p = > .05 

 

Table 38 Summary table showing total scores of burn patients against control and their significance, across four 

measures 

 

These scores show that across all four measures, the burns participants underperformed in 

comparison to the burns group. Whereby higher scores in the LEFS, PCS, and MCS, and lower 

scores in the FFI, are more desirable results. 
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5.2 Burn Distribution 

Further tests were conducted on the burn distributions experienced by the participants. Of 

the 16 participants in the burn sample, 10 participants exhibited burns on the dorsum of feet, 4 

participants exhibited burns on the soles of feet, and 10 participant exhibited burns on the ankles; 

this is due to participants having burns in multiple areas. Assumptions of normality among all three 

burn distribution areas were not met, therefore nonparametric Mann–Whitney U tests were used. 

 LEFS FFI PCS MCS 

Any Dorsum           

N =10 

58.00 

(±25.17) 

p = .001 

27.30 

(±35.00) 

p = .008 

46.45 (±9.32) 

p = .000 

48.77 (± 13.5) 

p = .963 

Any Sole                  

N = 4 

44.00 

(±9.05) 

p = .000 

80.75 

(±34.74) 

p = .000 

43.16 

(±13.80) 

p = .013 

43.91 (± 

16.66) 

p = .364 

Any Ankle               

N = 10 

60.80 

(±25.81) 

p = .008 

24.10 

(±31.69) 

p = .001 

44.41 

(±10.53) 

p = .000 

52.00 (± 

11.11) 

p = .396 

Control            

N = 30 

79.57 

(±1.38) 

1.70 (±3.72) 56.70 (±2.75) 53.51 (± 4.76) 

 

Table 39 Burn distribution against total questionnaire scores - Burn distributions can overlap so participants 

can present in more than one group – Red text represents the significance values against the control group 

 

Dorsum of the foot sample compared with the control sample showed significant differences 

across all items except the MCS. Dorsum of the foot samples showed a significant difference in the 

FFI (U = 66.0, Z = -2.916, p < .05), LEFS (U = 51.0, Z = -4.066, p < .01), and PCS (U = 35.0, Z = -

3.592, p < .001) items against the control sample. 
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Sole of the foot patient showed a significant difference in the FFI (U = 0, Z = -3.594, p < 

.001), LEFS (U = 0, Z = -4.538, p < .001), and PCS (U = 15.0, Z = -2.406, p < .05) items against 

the control sample. 

 

The Ankle sample against the control sample showed a significance across all items except the 

MCS. The Ankle samples showed a significant difference in the FFI (U = 51.50, Z = -3.371, p < 

.01), LEFS (U = 67.500, Z = -3.524, p < .01), and PCS (U = 37.0, Z = -3.530, p < .001) items 

against the control sample. 

 

Sole of the foot burns performed worse in all measures than burns in any other anatomical areas. 

Analysis was then conducted in order to investigate if the was any statistically significant 

differences between different anatomical areas. A Mann-Whitney U test was therefore performed as 

assumptions of normality were not met. This showed a significant difference in the FFI item against 

the other burns sample (U = 3.0, Z = -2.566, p < .01), and a close to significant result in the LEFS 

(U = 8.0, Z = -1.992, p =.058), item against the other burns sample. 
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5.3 Timing 

To see the effect of timing post-burn on the questionnaire scores analysis was conducted via 

parametric and non-parametric methods. As not all normality assumptions were met, an 

independent samples t-test was used for FFI, LEFS, PCS; and MCS required using a Mann-Whitney 

U test. The FFI, LEFS, and PCS all demonstrated non-significant results, whereas the MCS showed 

a significant result by only just meeting the criteria for significance (p = .05). The results for MCS 

showed that scores were improved at the >6 months stage. 

 

 LEFS FFI PCS MCS 

< 6 Months       

(N = 9) 

50.00 

(±25.96) 

46.22 

(±43.73) 

42.10 

(±11.16) 

45.02 (± 

14.00) 

> 6 Months       

(N = 7) 

70.57 

(±12.89) 

21.14 

(±33.89) 

49.80 (±9.78) 57.16 (± 

2.14) 

Significance p = > .05 p = > .05 p = > .05 p = .05 

 

Table 40 Table showing average questionnaire scores against time post-burn 
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5.4 Interventions 

To see the effect of the intervention methods on the questionnaire scores, a nonparametric Mann–

Whitney U-test was conducted due to the assumptions of normal distribution being not met. When 

comparing graft interventions with conservative interventions, better outcomes were found in the 

grafted patient group on the LEFS, FFI, PCS and MCS. Significant results were found between the 

scores of the LEFS (U = 9.5, Z = -2.426, p = .015) and FFI (U = 8.0, Z = -2.539, p = .010). 

 LEFS FFI PCS MCS 

Graft N = 8 71.88 

(±12.12) 

8.63 (±11.79) 48.90 (±8.76) 56.50 (± 2.46) 

Conservative 

N = 8 

46.13 

(±25.00) 

61.88 (± 

42.00) 

42.04 

(±12.41) 

44.16 

(±14.76) 

Significance p = .015 p = .010 p = .279 p = .234 

 

Table 41 Graft sample against Conservative sample differences and significance 
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Chapter 6 - Results - Physiotherapy 

6.1 Introduction 

Burns patients and control groups were subjected to three groups of standardised tests. The three 

groups were A) Power, B) Range of Motion and C) Specialist tests. The specialist tests comprised 

of single-leg standing (SLS), timed get up and go and tandem walking. These tests are used every 

day in burns departments and other areas of medicine. With little equipment needed and familiarity 

with the tests makes them invaluable as potential screening tools. 

Primary Hypothesis 

The null hypothesis is that there are no differences in physiotherapy outcomes between the patients 

and control population. 

Secondary Hypothesis 

The null hypothesis is that interventions in burns patients, have no significant differences burn 

patient physiotherapy outcomes. 
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6.1.1 Knee Stability 

In order to maintain accuracy and remove confounding factors, Knee stability scores were analysed 

between the burn and control samples.  

 

Table 42 Knee Stability score between burn and control samples 

A Mann–Whitney U was used due to the assumptions of normality and distribution for an 

independent t-test being not met; of all the ACL (Anterior cruciate ligament), PCL (Posterior 

cruciate ligament), MCL (medial collateral ligament), and LCL (Lateral collateral ligament) scores 

for both feet, only the PCL right, PCL left and LCL right provided results that were different than p 

= 1. PCL right leg did meet the assumption of equality of variance through a Levene’s test, so an 

independent samples t-test was conducted and found no significant difference (t (44) = -.726, p > 

.05) between the burn and control Samples. 

The PCL left leg and LCL right leg were analysed through the use of a Mann–Whitney U as 

equality of variance was not achieved through a Levene’s test. Neither the PCL left (U = 216, Z = -

1.294, p > .05) or the LCL right (U = 224, Z = -1.044, p > .05) were found to be significantly 

different between the burn and control samples. 

 

 ACL R ACL L PCL R PCL L MCL R MCL L LCL R LCL L 

Burn 

N = 16 

0 (± 0) 0 (± 0) 0 (± 0) 0 (± 0) 0 (± 0) 0 (± 0) 0 (± 0) 0 (± 0) 

Control 

N = 30 

0 (± 0) 0 (± 0) .03 (±.18) .1 (±.30) 0 (± 0) 0 (± 0) .06 (±.25) 0 (± 0) 

Significance P = 1 P = 1 P = .465 P = .196 P = 1 P = 1 P = .296 P = 1 
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6.2A) Power 

The power data collected for the burn group and controls was analysed for differences in the Oxford 

power scores in different muscle groups.  

 Burn (N = 16) Control (N = 30) Significance 

Power Hip Flexion Right 5 (± 0) 5 (± 0) P = 1 

Power Hip Flexion Left 4.93 (±.25) 5 (± 0) P =.171 

Power Hip Extension Right 4.93 (±.25) 4.96 (±.18) P =.648 

Power Hip Extension Left 4.93 (±.25) 4.96 (±.18) P =.648 

Power Hip Abduction Right 4.87 (±.34) 4.80 (±.40) P =.527 

Power Hip Abduction Left 4.87 (±.34) 4.90 (±.30) P =.797 

Power Hip Adduction Right 4.87 (±.34) 4.83 (±.37) P =.711 

Power Hip Adduction Left 4.87 (±.34) 4.86 (±.34) P =.937 

Power Knee Flexion Right 4.93 (±.25) 5 (± 0) P =.171 

Power Knee Flexion Left 4.93 (±.25) 5 (± 0) P =.171 

Power Knee Extension Right 5 (± 0) 4.96 (±.18) P =.465 

Power Knee Extension Left 5 (± 0) 4.96 (±.18) P =.465 

Power Ankle DF Right 4.93 (±.25) 4.93 (±.25) P =.957 

Power Ankle DF Left 4.93 (±.25) 5 (± 0) P =.171 

Power Ankle PF Right 5 (± 0) 5 (± 0) P = 1 

Power Ankle PF Left 5 (± 0) 5 (± 0) P = 1 

Power Ankle Inversion Right 4.93 (±.25) 5 (± 0) P =.171 

Power Ankle Inversion Left 4.93 (±.25) 5 (± 0) P =.171 

Power Ankle Eversion Right 4.93 (±.25) 5 (± 0) P =.171 

Power Ankle Eversion Left 4.93 (±.25) 5 (± 0) P =.171 

 

Table 43 Power measures compared between burn and control; DF = Dorsiflexion, PF = Plantarflexion 
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As measures of Shapiro-Wilk’s tests and Levene’s test for equality of variances were not met for all 

the measures of power, a Mann–Whitney U was used. The analysis found no significant differences 

between the burn sample and control sample regarding power measures. 
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6.2B) Range of Motion 

ROM (in degrees) measures was compared between the burn and control samples. A difference was 

measured whereby positive results indicate that the burns population have better results. A Levene’s 

test and Shapiro-Wilk’s test was found to not be normally distributed in all measures. Therefore, a 

Mann–Whitney U was used when normal distribution was not found, and an independent t-test 

when normal distribution was found. 

6.2B.1 Hip 

 Hip 

Flex 

R 

Flex 

L 

Ext 

R 

Ext 

L 

Adbuct 

R 

Abduct 

L 

Adduct 

R 

Adduct 

L 

Mean 

Difference 

(degrees) 

1.43 3.26 12.73 13.32 -4.75 -4.18 -5.59 -3.65 

Significance P > .05 P > .05 P < .05 P < .05 P > .05 P > .05 P > .05 P > .05 

 

Table 44 Range of motion for Hip measures, mean differences and significance values – Flex = Flexion, Ext = 

Extension, Abduct = Abduction, Adduct = Adduction, L = Left, R = Right. 

 

ROM in Hip extension on both right (t(44) = 5.536, p < .001) (Mean difference 12.73, Std. Err 

±2.30) and left (t(44) = 5.435, p < .001) (Mean difference 13.3, Std. Err ±2.45) legs were found to 

be significantly different, with the burn sample scoring higher than controls. The ROM measures 

for hip flexion, abduction, and adduction on both legs were all found to not be significant. 
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6.2B.2 Knee 

 Knee 

Flex R Flex L Extension R Extension L 

Mean 

Difference 

(degrees) 

-6.85 -4.91 0.43 0.26 

Significance P <.05 P <.05 P >.05 P >.05 

 

Table 45 Range of motion for Knee measures, mean differences and significance values 

ROM in Knee flexion on both right (t(44) = -2.553, p < .05) (Mean difference -6.85, Std. Err ±2.68) 

and left (t(44) = -2.130, p < .05) (Mean difference -4.91, Std. Err ±2.30) legs were found to be 

significantly different, with the control sample scoring higher than the burn sample. However, the 

Knee extension in both legs was not found to be significantly different between the samples. 

6.2B.3 Ankle 

  

Ankle 

DF 

R 

DF 

L 

PF 

R 

PF 

L 

Inversion 

R 

Inversion 

L 

Eversion 

R 

Eversion 

L 

Mean 

Difference 

(degrees) 

0.79 0.26 -26.35 -26.20 -15.37 -15.72 -16.86 -18.38 

Significance P > .05 P > .05 P < .05 P < .05 P < .05 P < .05 P < .05 P < .05 

 

Table 46 Range of motion for Ankle measures, mean differences and significance values 
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Multiple significant results were found for ROM in Ankles. All results found the control sample to 

score higher than the burn sample. The results are as follows: Ankle PF right leg (t(44) = -5.803, p 

< .001) (mean difference -26.35, Std. Err ±4.54), PF left leg (t(44) = 5.650, p < .001) (mean 

difference -25.20, Std. Err ±4.46), inversion right leg (t(44) = -5.593, p < .001) (mean difference -

15.37, Std. Err ±2.74), inversion left leg (t(44) = -5.622, p < .001) (mean difference -15.72, Std. Err 

±2.79), eversion right leg (t(44) = -5.948, p < .001) (mean difference -16.86, Std. Err ±2.83), and 

eversion left leg (t(44) = -6.437, p < .001) (mean difference -18.38, Std. Err ±2.85). The ROM for 

the ankle DF in both the right and left legs were found to not be significant. 

6.2B.4 Big toe 

 Big Toe 

Right Left 

Mean Difference 

(degrees) 

-0.56 -4.12 

Significance P >.05 P >.05 

 

Table 47 Toe left and right mean differences and significance values 

The ROM for the Big Toe right and left foot was also analysed through an independent samples T- 

test as the measures passed the Levene’s test for equality of variances (p =.357 and p =.228, 

respectively). Neither the Big Toe right (t(44) = -.230, p > .05) (Mean difference -.562, Std. Err 

±2.44) or the Big Toe left (t(44) = -1.677, p > .05)(Mean difference -4.12, Std. Err ±2.46) were 

found to be significantly different. 
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6.2B.5 Burn Distribution 

Further tests were conducted on the burn distributions of the participants. The populations of the 

burn distributions in the burn sample showed 10 participants to have burns on the dorsum of the 

feet, 4 participants had burns on the soles of the feet, and 10 participants had burns on the ankles. 

Through analysis of the datasets, using box plots, Shapiro-Wilk’s tests, and Levene’s tests, a Mann–

Whitney U was necessary as the assumptions of normality and distribution were not met. 

 Dorsum Burn 

(N = 10) 

Sole Burn 

(N = 4) 

Ankle Burn 

(N = 10) 

Control 

(N = 30) 

ROM Ankle DF R 13.00 (±7.08)      

p =.198 

5.00 (±4.08)        

p = .093 

11.90 (±6.65)        

p = .363 

10.33 (± 6.09) 

ROM Ankle DF L 13.20 (± 5.26)     

p =.140 

7.50 (± 2.88)        

p = .422 

11.70 (± 5.75)        

p = .331 

10.80 (± 6.47) 

ROM Ankle PF R 40.00 (± 14.83)   

p = .000 

48.25 (± 17.95)        

p = .064 

34.00 (± 16.93)        

p = 000 

64.16 (± 13.05) 

ROM Ankle PF L 44.50 (± 12.78)   

p = .000 

48.00 (± 14.58)        

p = .022 

36.30 (± 17.61)        

p = 000 

65.20 (± 13.11) 

ROM Ankle 

Inversion R 

14.70 (± 8.39)     

p = .000 

9.75 (± 4.50)        

p = .000 

16.90 (± 8.00)        

p = .000 

30.50 (± 9.57) 

ROM Ankle 

Inversion L 

14.40 (± 7.41)     

p = .000 

11.25 (± 4.78)        

p = .000 

18.10 (± 8.03)        

p = .000 

31.53 (± 9.80) 

ROM Ankle 

Eversion R 

11.80 (± 6.82)     

p = .000 

12.00 (± 5.41)        

p = .002 

11.50 (± 7.45)        

p = .000 

28.30 (± 10.33) 

ROM Ankle 

Eversion L 

11.60 (± 7.18)     

p = .000 

10.00 (± 4.08)        

p = .001 

10.50 (± 7.33)        

p = .000 

29.13 (± 10.48) 

ROM Big Toe R 26.80 (± 5.67)     

p = .939 

30.00 (± 7.07)        

p = .485 

26.10 (± 8.41)        

p = .818 

28.00 (± 8.09) 

ROM Big Toe L 26.60 (± 5.77)     

p = .167 

25.00 (± 0)          

p = .180 

26.50 (± 8.05)        

p = .286 

30.06 (± 8.59) 

Table 48 Burn distribution against Range of motion (ROM) - Burn distributions can overlap so participants can 

present in more than one group – Red text represents the significance values against the control group 
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Dorsum 

Dorsum of the foot burn sample against the control sample found six measures to be significantly 

different. The significant results were ROM for the ankle PF right foot (U = 29.5, Z = -3.769, p < 

.001), ankle PF left foot (U = 38, Z = -3.507, p < .001), ankle inversion right foot (U = 34, Z = -

3.640, p < .001), ankle inversion left foot (U = 24, Z = -3.946, p < .001), ankle eversion right foot 

(U = 24.5, Z = -3.938, p < .001), ankle eversion left foot (U = 22.5, Z = -4.001, p < .001).  

There was no significance in dorsiflexion of the foot against controls, and when compared to other 

burn areas of the foot, it had the largest range of motion results (13- 13.2). 

Sole 

Sole of the foot burns sample against the control sample found there to be five measures as a 

significant result. The five significant results were ROM ankle left foot (U = 18.5, Z = -2.225, p < 

.05), ROM ankle inversion right foot (U = 1, Z = -3.177, p < .05), ROM ankle inversion left foot (U 

= 2, Z = -3.110, p < .05), ROM ankle eversion right foot (U = 8, Z = -2.794, p < .05), and ROM 

ankle eversion left foot (U = 4, Z = -3.013, p < .05). All of the significant results showed the control 

sample scores to be higher than the Sole burn sample.  

When comparing against other areas of the foot sole burns had the largest range of motion in plantar 

flexion (48.2 ± 17.95), comparatively to the other burns (37.33 ± 16.97), and were not significant (U 

= 9, Z = -1.908 p=0.316). When sole burns are compared to other areas for dorsiflexion it has the 

lowest numbers (5.00 ± 4.08) versus other areas (13.16 ± 7.10) and was a significant result (U = 7, 

Z = -2.091, p=0.042). In comparison ankle movements were not statistically different. 
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Ankle 

Ankle burns were also investigated against the control sample, with six significant results being 

found. A significant higher score in the control sample in comparison to the ankle burn sample was 

found in ROM ankle PF right foot (U = 20, Z = -4.066, p < .05), ROM ankle PF left foot (U = 24.5, 

Z = -3.930, p < .05), ROM ankle inversion right foot (U = 43.5, Z = -3.343, p < .05), ROM ankle 

inversion left foot (U = 42, Z = -3.383, p < .05), ROM ankle eversion right foot (U = 24.5, Z = -

3.935, p < .05), and ROM ankle eversion left foot (U = 19, Z = -4.112, p < .05).  

When comparing against other areas ankle burns had the lowest range of motion for plantar flexion 

(34.00 ± 16.93) against (44.16 ± 17.65 p=0.000). With no statistical differences seen in dorsiflexion 

but maintain statistical significance (p = <.05) for all ankle movements. 

Power comparison in different anatomical areas 

When the 8 power scores (Ankle Dorsiflexion, Ankle Plantarflexion, Ankle Inversion, and Ankle 

Eversion) were analysed in burn distributions against controls, there were no statistically significant 

results found with p values of 1 in all measures. 
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6.2C) Special tests 

Four other measures were investigated, including SLS times for both legs, timed get up and 

go, and tandem walk time.  Desirable results are longer SLS Right and Left times. In contrast quick 

Timed Get up, and Tandem Walk results are favourable. Through analysis of the datasets, using box 

plots, Shapiro-Wilk’s tests, and Levene’s tests, a Mann–Whitney U was necessary as the 

assumptions of normality and distribution were not met.  

 SLS Right SLS Left Timed Get Up Tandem Walk 

Burns Patients 

(N = 16) 

23.92 (±8.55) 22.85 (±11.06) 8.73 (±2.05) 12.00 (±2.41) 

Control 

(N = 30) 

29.48 (±2.84) 29.50 (±2.30) 5.31 (±.938) 7.04 (± 2.16) 

Significance p = .001 p = .006 p = .000 p = .000 

 

Table 49 Burns against controls for specialised tests 

 

The burns sample against the control sample showed a significant result in the SLS Right (U = 

143.50, Z = -3.369, p = .001), SLS Left (U = 162.0, Z = -2.273, p = .006), Timed get up (U = 7.0, Z 

= -5.375, p = .000) and tandem walk (U = 28.0, Z = -4.890, p = .000). These results demonstrated 

the control group outperforming the Burns patients across all measures. 
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 SLS Right SLS Left Timed Get Up Tandem Walk 

Dorsum 

(N = 10) 

22.79 (±9.45) 

p = .028 

23.84 (±9.84)  

p = .109 

8.33 (±1.97)  

p = .000 

11.54 (±2.20)  

p = .000 

Sole 

(N = 4) 

22.42 (±9.03)  

p = .146 

17.45 (±14.72)  

p = .146 

10.63 (±2.58)  

p = .000 

12.70 (± 1.99)  

p = .000 

Ankle  

(N = 10) 

23.30 (±9.22)  

p = .028 

23.58 (±10.33)  

p = .109 

8.34 (±1.51)  

p = .000 

12.20 (± 2.61)  

p = .000 

Control 

(N = 30) 

29.48 (±2.84) 29.50 (±2.30) 5.31 (±.938) 7.04 (± 2.16) 

 

Table 50 Burn distribution against specialised tests - Burn distributions can overlap so participants can present 

in more than one group – Red text represents the significance values against the control group 

 

The dorsum sample against the control sample showed a significant result in the SLS Right (U = 

80.50, Z = -3.494, p = .028), Timed get up (U = 5.0, Z = -4.530, p = .000) and tandem walk (U = 

22.0, Z = -3.999, p = .000). In all three of these significant results, the Control sample provided 

better results. 

Similar results were also found for the sole burn sample compared to the control sample. With the 

timed get up (U = 0, Z = -3.208, p = .000) and tandem walk (U = 3, Z =-3.048, p = .000) being the 

only significant results, and the controls scoring better. 

The ankle burns sample was also investigated against the control group, on the four measures. 

Three significant results were found, coming from the  SLS Right (U = 80.5, z =-3.494,   p =.028), 

timed get up (U = 5.0, Z = -4.530, p = .000) and the tandem walk (U = 19.0, Z = -4.093, p = .000). 

In all three of these results, the control sample produced better results than the ankle burn sample. 
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6.3 Timing 

 SLS Right SLS Left Timed Get Up Tandem Walk 

<6 Months 

(N = 9) 

20.05 (±9.60) 17.29 (±12.24) 9.42 (±2.51) 12.90 (±2.53) 

>6 Months 

(N = 7) 

28.89 (±2.91) 30.0 (±0) 7.85 (±0.68) 10.83 (± 1.79) 

Significance p = .055 p = .023 p = .351 p = .114 

 

Table 51 <6 months against >6 months for specialised tests 

 

The specialised tests were analysed with both the <6 months and >6 months post-burn groups. As 

the assumptions of normality were not met, a Mann–Whitney U-test was used for the analyses. 

One significant result was found, coming from SLS Left (U = 10.5, z =-2.554, p =.023). This shows 

the <6 months group to perform worse than the >6 months group. 
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6.4 Interventions 

 Graft (N = 8) Conservative (N = 8) Significance 

Power Ankle DF R 5.00 (± 0) 4.87 (±.35) P =.721 

Power Ankle DF L 5.00 (± 0) 4.87 (±.35) P =.721 

Power Ankle PF R 5.00 (± 0) 5.00 (± 0) P = 1 

Power Ankle PF L 5.00 (± 0) 5.00 (± 0) P = 1 

Power Ankle Inversion R 5.00 (± 0) 4.87 (±.35) P =.721 

Power Ankle Inversion L 5.00 (± 0) 4.87 (±.35) P =.721 

Power Ankle Eversion R 5.00 (± 0) 4.87 (±.35) P =.721 

Power Ankle Eversion L 5.00 (± 0) 4.87 (±.35) P =.721 

ROM Ankle DF R 13.75 (± 7.83) 8.50 (±6.16) P =.130 

ROM Ankle DF L 12.12 (± 6.44) 10.00 (± 4.62) P =.195 

ROM Ankle PF R 35.87 (± 16.49) 39.75 (± 19.13) P =.721 

ROM Ankle PF L 38.50 (± 16.41) 41.50 (± 17.83) P =.574 

ROM Ankle Inversion R 16.62 (± 8.17) 13.62 (± 6.61) P =.574 

ROM Ankle Inversion L 16.12 (± 7.19) 15.50 (± 7.89) P =.798 

ROM Ankle Eversion R 12.50 (± 7.54) 10.37 (± 5.04) P = .645 

ROM Ankle Eversion L 12.00 (± 8.08) 9.50 (± 3.25) P = .645 

ROM Big Toe R 27.25 (± 7.38) 27.62 (± 8.071) P = 1 

ROM Big Toe L 25.75 (± 8.63) 26.12 (± 4.15) P = .798 

SLS Time R 25.64 (± 9.6) 22.21 (± 7.60) P = .279 

SLS Time L 28.49 (± 4.27) 17.21 (± 13.08) P = .065 

Timed Get Up Average 7.71 (±.72) 9.75 (± 2.48) P = .105 

Tandem Walk Average 10.84 (± 1.98) 13.15 (± 2.35) P = .038 

Table 52 - Graft and Conservative intervention scores of multiple measures and the difference significance value 
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The type of intervention used on the patients was also analysed regarding the power, ROM, single 

left stand left and right, timed get up, and tandem walk measures. The assumptions of normal 

distribution not being met meant that a Mann–Whitney U-test was used for the analyses. 

When analysing the use of the graft sample against the conservative sample, of the 22 different 

measures, only one measure showed any significant results. The tandem walk scores showed a 

significant difference with the graft sample achieving better scores than the Conservative sample (U 

= 12.0, Z =-2.10, p < .05). One result came close to significance, this was SLS Time L (p = .065). 
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Chapter 7 - Results–Gait 

Three gait parameters were evaluated A) Temporospatial, B) Kinetics and C) Force Plate. 

Primary Hypothesis 

The null hypothesis is that there are no differences in gait outcomes between the isolated foot burn 

patients and the control population. 

A secondary aim would be to see if interventions made to the isolated foot burns group impacted on 

patients’ gait results. 

Secondary Hypothesis 

The null hypothesis is that interventions in isolated foot burns patients has no significant differences 

in the gait outcomes. 

 

 

 

 

 

 

 



 

 

207 

7.1A Temporospatial 

7.1A.1 Group Comparisons 

The first analysis of gait scores was done with the burn and control sample, to look for differences. 

Through the use of visual inspections of box plots and Shapiro–Wilks tests for normality, the 

assumptions required to use an independent samples t-test, were not met. Therefore, a Mann–

Whitney U-test was used for analysis. 

 Burn (N = 16) Control (N = 30) Significance 

Velocity Mean 1.06 (±.27) 1.32 (±.17) P =.002 

Velocity Max 1.38 (±.25) 1.57 (±.20) P =.070 

Left Stride Length 1.28 (±.16) 1.38 (±.14) P =.042 

Right Stride Length 1.27 (±.17) 1.40 (±.15) P =.016 

Left Step Length .66 (±.07) .71 (±.06) P =.058 

Right Step Length .66 (±.08) .71 (±.08) P =.166 

Left Stride Time 1.12 (±.12) 1.05 (±.05) P =.092 

Right Stride Time 1.13 (±.12) 1.06 (±.04) P =.024 

Left Step Time .57 (±.05) .52 (±.02) P =.013 

Right Step Time .56 (±.06) .52 (±.02) P =.137 

 

Table 53 Burn sample compared to control sample for gait measures and the significance values 

Of the 10 variables, 5 were found to show significance with the control sample providing better 

scores than the burn sample. These were velocity mean (U = 82.0, Z =-2.990, p < .05), left stride 

length (U = 152.0, Z =-2.031, p < .05), right stride length (U = 136.0, Z =-2.400, p < .05), right 

stride time (U = 142.0, Z =-2.264, p < .05), and left step time (U = 132.0, Z =-2.497, p < .05). 2 of 
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the measures came close to significance whilst also showing the control sample to provide better 

scores, these were Velocity Max (U = 126.0, Z =-1.826, p = .07), and Left step length (U = 158.0, Z 

= -1.896, p = .058) 

 

7.1A.2 Burn Distributions 

 Dorsum Burn 

(N = 10) 

Sole Burn 

(N = 4) 

Ankle Burn 

(N = 10) 

Control 

(N = 30) 

Velocity Mean 1.10 (±.27)          

p = .008 

1.08 (±.24)          

p = .064 

1.12 (±.24)          

p = .023 

1.32 (±.17) 

Velocity Max 1.48 (±.15)          

p = .232 

1.35 (±.26)          

p = .064 

1.37 (±.28)          

p = .130 

1.57 (±.20) 

Left Stride Length 1.30 (±.12)          

p = .103 

1.29 (±.16)          

p = .162 

1.27 (±.19)          

p = .116 

1.38 (±.14) 

Right Stride Length 1.29 (±.13)          

p = .043 

1.27 (±.16)          

p = .093 

1.27 (±.20)          

p = .067 

1.40 (±.15) 

Left Step Length .68 (±.05)            

p = .164 

.67 (±.06)          

p = .105 

.65 (±.08)          

p = .077 

.71 (±.06) 

Right Step Length .66 (±.08)            

p = .142 

.63 (±.11)          

p = .336 

.67 (±.07)          

p = .246 

.71 (±.08) 

Left Stride Time 1.08 (±.06)          

p = .221 

1.19 (±.13)          

p = .001 

1.11 (±.13)          

p = .363 

1.05 (±.05) 

Right Stride Time 1.10 (±.05)          

p = .033 

1.18 (±.13)          

p = .156 

1.13 (±.12)          

p = .102 

1.06 (±.04) 

Left Step Time .55 (±.03)             

p = .018 

.60 (±.06)          

p = .105 

.56 (±.05)          

p = .043 

.52 (±.02) 

Right Step Time .54 (±.03)            

p = .331 

.57 (±.07)          

p = .291 

.56 (±.07)          

p = .286 

.52 (±.02) 

Table 54 Burn distribution against temporospatial measures - Burn distributions can overlap so participants can 

present in more than one group – Red text represents the significance values against the control group 
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Dorsum 

The dorsum burn sample was analysed to look at differences with the control sample among the 

measures. Of the 10 variables, 6 met the assumptions of distribution and normality required for the 

use of an independent samples t-test analysis. 2 significant results were found with velocity mean (t 

(36) = 2.807, p < .05), and right stride length (t (38) = 2.093, p < .05). Both measures showed the 

Control sample to score higher than the dorsum burn sample. The four variables that did not meet 

the assumptions for an independent samples t-test were analysed instead through the use of a 

Mann–Whitney U. 2 more significant results were found in the right stride time (U = 142, Z =-

2.264, p < .05), and Left step time (U = 132, Z =-2.497, p < .05). These results also showed the 

Control sample to be performing better than the burn sample. 

Sole 

Analysis of the sole burn sample against the control sample found 4 of the variables to meet the 

assumptions of distribution and normality required for the use of an independent samples t-test 

analysis. This analysis found there to be 1 significant result with left stride time (t (32) =-3.759, p < 

.05), showing the control sample to produce better results than the sole burn sample. 6 of the 10 

variables that did not meet the assumptions of distribution and normality for an independent 

samples t-test. Therefore, a Mann–Whitney U was used to analyse the measures and found no 

significant results but 2 results just outside of significance in velocity mean (U = 25, Z = -1.874, p = 

.064), and velocity max (U = 25, Z = -1.874, p = .064), both showing the control sample to produce 

higher results than the Sole burn sample. 
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Ankle 

The ankle burn sample was also analysed against the control sample because all the variables did 

not meet the assumptions of distribution and normality required for the use of an independent 

samples t-test, a Mann–Whitney U-test was used instead. 2 of the variables produced significant 

results, these being velocity mean (U = 57, Z = -2.258, p < .05), and left step time (U = 85, Z = -

2.038, p < .05). Both these results showed the control sample to outperform the ankle burn sample. 

2 other variables showed a close to significant results, these being right stride length (U = 91, Z = -

1.844, p =.067) and left step length (U = 93, Z = -1.787, p =.077). Both these results also showed 

the Control sample outperforming the Ankle burn sample. 
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7.1B Kinetic data 

7.1B.1 Group Comparisons 

Left Stance Sagittal 

 

Figure 48 Line diagram showing the Left stance sagittal comparisons of the Control sample, Confidence 

intervals and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the left leg stance sagittal data was 

conducted. The assumptions of normality and distribution were not met for an independent t-test so 

a Mann–Whitney U-test was used for the data. Across all 100 stages of the data, 100 were found to 

be significant (p < .05)   
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Left Stance Frontal 

 

Figure 49 Line diagram showing the Left stance frontal comparisons of the Control sample, Confidence intervals 

and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the left leg stance frontal data was also 

conducted. Because the assumptions of normality and distribution for an independent t-test were not 

met, a Mann–Whitney U-test was conducted. Across all 100 stages, only 7 stages were found to 

show a significant result (p < .05). These regions were in stage 1 to 2, and 82 to 86. 
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Left Stance Transverse 

 

Figure 50 Line diagram showing the Left stance transverse comparisons of the control sample, confidence 

intervals and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the left leg stance transverse data was 

also conducted. The assumptions of normality and distribution were not met for an independent t-

test so a Mann–Whitney test was conducted. Across all 100 stages, 100 were found to be significant 

(p < .05). 
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Right Stance Sagittal 

 

Figure 51 Line diagram showing the Right stance sagittal comparisons of the Control sample, Confidence 

intervals and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the right leg stance sagittal data was 

conducted. Because the data violated the assumptions of normality and distribution for an 

independent t-test, a Mann–Whitney test was used. Of the 100 stages measured, 79 of the stages 

were found to be significant (p < .05). The ranges that were found to not show a significance were 

between stages 41 to 48, and 57 to 59. 
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Right Stance Frontal 

 

Figure 52 Line diagram showing the Right stance frontal comparisons of the Control sample, Confidence 

intervals and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the right leg stance frontal data was 

conducted. Because the data violated the assumptions of normality and distribution for an 

independent t-test, a Mann–Whitney test was used. The 100 stages showed only a significant 

difference between the stages of 52 and 54 (p < .05). 
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Figure 53 Line diagram showing the right stance frontal comparisons of the control sample, confidence intervals 

and all individual burn participants, along all 100 stages of the gait cycle 

 

Although the burns averages seem to fall within the 95% confidence intervals, when individual 

analysis is undertaken, the variability of data can be more easily seen. Whereby the individuals do 

not clearly follow one similar pattern. 
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Right Stance Transverse 

 

Figure 54 Line diagram showing the Right stance transverse comparisons of the Control sample, Confidence 

intervals and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the right leg stance transverse data was 

conducted. An independent t-test was used as the data met the assumptions of normality and 

distribution required. Of the 100 stages, only 9 were found to not be significantly different (p > .05). 
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 7.1C Force plate data 

7.1C.1 Group Comparisons 

Left Medio-Lateral 

 

Figure 55 Line diagram showing the Left Medio-Lateral force plate comparisons of the control sample, 

confidence intervals and burn sample averages, along all 100 stages of the gait cycle 

Analysis of the burn sample against the control sample on the left leg force plate ML was 

conducted. An independent t-test was used as the data met the assumptions of normality and 

distribution required. Of the 100 stages measured, 12 stages were found to be significant (p < .05). 

The significance was found between the ranges of 13 to 19, and 66 to 80. 
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Left Anterior-Posterior 

 

Figure 56 Line diagram showing the Left Anterior-Posterior force plate comparisons of the control sample, 

confidence intervals and burn sample averages, along all 100 stages of the gait cycle 

 

An analysis of the burn sample against the control sample on the left leg force plate AP data was 

conducted. Because the data violated the assumptions of normality and distribution for an 

independent t-test, a Mann–Whitney test was used. Of the 100 stages analysed, only 12 stages were 

found to be significant (p < .05). The significant stages were found between the ranges of 36 to 42, 

and 57 to 61. 

 

  

B
o
d
y
 W

ei
g
h
t 

Percentage Gait Cycle 



 

 

220 

Left Vertical 

 

Figure 57 Line diagram showing the Left Vertical force plate comparisons of the control sample, confidence 

intervals and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the left leg force plate vert data was 

conducted. Because the data violated the assumptions of normality and distribution required for an 

independent t-test, a Mann–Whitney test was used. A total of 16 stages were found to be 

significantly different (p < .05). This was found between the range of stage 35 and 50. 
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Right Medio-Lateral 

 

Figure 58 Line diagram showing the Right Medio-Lateral force plate comparisons of the control sample, 

confidence intervals and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the right leg force plate ML was 

conducted. An independent t-test was used as the data met the assumptions of normality and 

distribution required. Of the 100 stages analysed, 58 stages were found to be significantly different 

(p < .05). These results were found between the stages of 10 to 33, and 50 to 83. 
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Right Anterior-Posterior 

 

Figure 59 Line diagram showing the Right Anterior-Posterior force plate comparisons of the control sample, 

confidence intervals and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the right leg force plate AP data was 

conducted. Because the data violated the assumptions of normality and distribution required for an 

independent t-test, a Mann–Whitney test was used. Of the 100 stages analysed, 36 stages were 

found to be statistically significant (p < .05). These results were found between the ranges of stages 

12 to 31, and stages 85 to 100. 

 

  

B
o
d
y
 W

ei
g
h
t 

Percentage Gait Cycle 



 

 

223 

Right Vertical 

 

Figure 60 Line diagram showing the Right Vertical force plates comparisons of the control sample, confidence 

intervals and burn sample averages, along all 100 stages of the gait cycle 

 

Analysis of the burn sample against the control sample on the right leg force plate vert data was 

conducted. Because the data violated the assumptions of normality and distribution required for an 

independent t-test, a Mann–Whitney test was used. Of the 100 stages, 56 were found to be 

significantly different (p < .05). These results were found between the ranges of stage 17 to 27, 

stage 39 to 64, stage 75 to 92, and stage 100. 
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7.2 Timing 

7.2.1 Timing - Temporospatial 

Due to the assumptions of distribution and normality not being met, a Mann-Whitney U was used to 

analyse the data. None of the ten temporospatial outcomes met values for significance (p = <.05). 

 

 <6 Months      

(N = 9) 

>6 Months        

(N = 7) 

Significance 

Velocity Mean 1.12 (±.28) 1.13 (±.05) p =.758 

Velocity Max 1.36 (±.31) 1.41 (±.07) p =.918 

Left Stride Length 1.25 (±.21) 1.31 (±.11) p =.837 

Right Stride Length 1.25 (±.21) 1.30 (±.12) p =.758 

Left Step Length 0.66 (±.08) 0.67 (±.05) p =.758 

Right Step Length 0.66 (±.10) 0.66 (±.06) p =.536 

Left Stride Time 1.14 (±.15) 1.09 (±.06) p =.837 

Right Stride Time 1.17 (±.14) 1.09 (±.06) p =.351 

Left Step Time 0.58 (±.07) 0.55 (±.03) p =.837 

Right Step Time 0.58 (±.07) 0.53 (±.03) p =.210 

 

Table 55 <6 months against >6 months for temporospatial outcomes 
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7.2.2 Timing: Kinematics 

Analysis of <6 months group against >6 months group, in three different movement planes 

(Sagittal, Frontal, and Transverse), and both left and right legs. As none of the data met the 

assumptions of normality and distribution, a Mann-Whitney U was performed. 47 significant stages 

were found among the 600 presented. 

 

 Left Right 

Sagittal None None 

Frontal None 10 

Transverse 19 18 

 

Table 56 Number of statistically significant data points, between <6 Months and >6 Months, represented in left 

and right legs, and direction of movement. 

 

 

Analysis of the <6 months group and >6 months group for left stance transverse was conducted. A 

Mann-Whitney U test was conducted as the data violated the assumptions of normality and 

distribution required for an independent t-test. Among the 100 stages of data, 19 were found to be 

significant (p= <.05). These were found in stages 82 to 100. Visually seen in the below figure, 

showing a worsening of results in the post 6 months group with the <6 months group closer to the 

normal population range.  

Carrying out similar analysis in other movement planes, a similar trend in seen, with <6 months 

more closely resembling the normal population. 
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Figure 61 Line diagram showing the Left Stance Transverse comparisons of <6 Months, >6 Months, and 

confidence intervals from controls, along all 100 stages of the gait cycle. 
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7.2.3 Timing: Force Plates 

Analysis of <6 months group against >6 months group, in three different directions of force (ML, 

AP, Vert), and both left and right legs. As none of the data met the assumptions of normality and 

distribution, a Mann-Whitney U was performed. 30 significant stages were found among the 600 

presented. These were all found in the left-hand side. 

 Left Right 

Medial-Lateral 2 None 

Anterior-Posterior 12 None 

Vertical 16 None 

 

Table 57 Number of statistically significant data points, between <6 Months and >6 Months, represented in left 

and right legs, and force plate movement. 

 

Analysis of the <6 months group and >6 months group for left force plate AP was conducted. A 

Mann-Whitney U test was conducted as the data violated the assumptions of normality and 

distribution required for an independent t-test. Among the 100 stages of data, 12 were found to be 

significant (p= <.05). These were found in stages 52 to 64. Visually seen in the below figure, 

showing an improvement in the post 6 months group and following a trend closer to the range 

between the two confidence intervals of the control population.  

When other directions of force are seen, the trend is similar with >6 months tending to more closely 

resemble the norm. However, only 30 of these points were statistically significant (p = <.05). 
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Figure 62 Line diagram showing the Left FP ML comparisons of <6 Months, >6 Months, and confidence 

intervals from controls, along all 100 stages of the gait cycle. 
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7.3 Intervention 

7.3.1 Interventions: Temporospatial 

The type of intervention received (graft or conservative) by the burn sample was also analysed 

through the use of an independent samples t-test as assumptions of distribution and normality 

required were met. These were analysed along the 10 temporospatial gait variables. The analysis 

produced results showing that the use of a graft or conservative intervention had no significant 

difference between the two groups. 

 

 Graft 

(N = 8) 

Conservative 

(N = 8) 

Significance 

Velocity Mean 1.01 (±.29) 1.08 (±.28) P = .774 

Velocity Max 1.46 (±.08) 1.33 (±.31) P = .375 

Left Stride Length 1.31 (±.10) 1.25 (±.21) P = .504 

Right Stride Length 1.29 (±.13) 1.25 (±.21) P = .613 

Left Step Length .68 (±.05) .65 (±.08) P = .506 

Right Step Length .68 (±.07) .65 (±.10) P = .540 

Left Stride Time 1.09 (±.05) 1.15 (±.16) P = .327 

Right Stride Time 1.09 (±.05) 1.18 (±.15) P = .176 

Left Step Time .55 (±.02) .58 (±.07) P = .211 

Right Step Time .54 (±.03) .58 (±.08) P = .234 

 

Table 58 Graft sample compared to the conservative sample, differences and significance values of gait variables 

 



 

 

230 

7.3.2 Intervention: Kinematics 

The three stance datasets of sagittal, frontal, and transverse were analysed in grafts and control 

populations along the 100 stages of data. The sagittal data did not meet the assumptions of 

normality and distribution, so a Mann–Whitney U-test was required, whereas the frontal and 

transverse data met the assumptions and was analysed through independent t-tests. Of the 600 data 

stages present, 30 were found to be significantly different (p < .05). However, all these stages were 

found in the frontal dataset. This showed that both the graft and conservative interventions provided 

similar results except in the case of frontal stance data, where nearly a third of stages were 

significantly different. Looking at the figure below, the graft group appears to conform to the 

confidence intervals more than the conservative management. This pattern is seen amongst all other 

stance data sets for intervention comparison. 

 

Figure 63 Line diagram showing the Left Stance Frontal comparisons of grafts, conservative management, and 

confidence intervals from controls, along all 100 stages of the gait cycle 
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7.3.3Intervention: Force Plates 

When investigating the force plate data for both the graft and conservative intervention samples, the 

ML, AP, and Vertical data was analysed. Because each of the three sets of data violated the 

assumptions of normality and distribution, they were analysed using Mann–Whitney U tests. 

Among the three different sets of data, only 9 stages among the 600 were found to be significantly 

different (p < .05). This demonstrated that the graft and conservative interventions provided similar 

results across the three variants.  

 

Figure 64 Line diagram showing the Left FP vertical comparisons of grafts, conservative management, and 

confidence intervals from controls, along all 100 stages of the gait cycle 

 

Despite the Left FP vert data exhibiting the highest number (7) of significant differences, from a 

visual inspection of the data, it can be seen that the general patterns are not dissimilar. Similar 

results were found among all other force plate results 
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 Chapter 8 - Discussion 

This summary chapter discusses the results of isolated foot burn A) Epidemiology and standard 

outcomes, B) Questionnaires, C) Physiotherapy and D) Gait, to understand if isolated foot burn 

patients return to their premorbid state post burn. 

Primary Hypothesis 

The null hypothesis is that there are no differences in outcomes between isolated foot burn patients 

and the normal population. 

 

The secondary aim is to see if interventions made to the burns group influence patients’ results. 

This will then formulate the basis of further intervention work and a change to current practice. 

Secondary Hypothesis 

The null hypothesis is that interventions in isolated foot burn patients has no significant differences 

in outcomes. 
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8.1A) Epidemiology 

Isolated foot burns are a very specific and unique injury to sustain. A paucity of literature was found 

in comparison to other areas of burn injuries. This is surprising given the importance placed on feet 

in everyday life, such as the ability to work and walk (Nawrocka et al., 2019). Only 7 papers 

described true isolated foot burns, however, all of them had limitations. None accurately described 

patient and burn demographics, interventions, and outcomes.  

The aim of performing the epidemiology study was to demonstrate the UK isolated foot burn 

population 

 

8.1A.1 Patient demographics 

536 patients with isolated foot burns were reviewed from a 23-year period. This is the largest 

epidemiological study in the known literature, with the next closest being the Hemington-Gorse 

paper at 233.  

 

The average number of isolated foot burns attendances was between 22.3 to 29.8 per year. The 

range of cases previously shown in the literature was between Barrett et al, who reported 4 

paediatric sole burns per year, and Hemington-Gorse with 46.6 admissions per year. Bache et al., 

(2016) (from the same unit as the present study) found an average of 100 isolated hand injuries per 

year. Either this is the true reflection of isolated foot burns being a third of hand injuries, or a social 

aspect may influence the numbers of attendees, such as a greater socioeconomic importance of hand 

injuries (Grys et al., 1998).  

 

The number of cases across the 24-year period did not appear to have any significant changes. This 

is in contrast to other evidence within the United Kingdom and the rest of the world, in which the 
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total number of burns admissions had been steadily decreasing until 2002 (Peck, 2011). Since 2002 

the number of burns admissions has steadily increased; the exact cause is unknown but postulated to 

have been influenced by the public smoking ban in the UK or because the submission of data to 

International Burns Injury Database (IBID) has improved as more units have got involved 

(Brewster 2013).  

 

There is seasonal variation in conditions such as hay fever, where temperature, environmental or 

human behaviour may be a factor (Grassly, 2006). Only one paper documents seasonal variation in 

isolated foot burns (Sinha, 2006). The burns were in paediatric patients and occurred during the 

summer months, with peaks in May and June. These were caused by walking on surfaces which had 

become heated due to increased ambient temperatures (up to 106 degrees Fahrenheit). 

 

This contrasts the findings of the present study, in which there was no significant difference 

between the seasons; however, the summer months had the lowest incidence rates.  

Culture and geography are a possible explanation for the seasonal differences in isolated feet burns; 

whereby summer heat and cultural practices differ across the world. 

 

There are cultural influences on seasonal presentation of burns e.g. isolated foot burns from fire 

walking (Chang 2012); although not popularized in the Western world, there are some seasonal 

variations, such as Bonfire night events causing an increase in firework-related injuries (Nizamoglu 

et al., 2018). Therefore, an understanding of localised incidence rates was important and it 

highlights a need for prevention planning for burn departments in accordance with local customs 

and practices. 
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Gender 

Across medicine it has been noted that males and females have different biological responses to 

certain diseases or injuries. It is therefore pertinent to investigate whether there is a difference in 

gender regarding isolated foot burn injuries. 

 

Males were found to have the highest likelihood of a burn with 63.1% and a 1:1.71 female to male 

ratio. This is in keeping with the literature of isolated foot burns, with males more likely to experience 

this type of burns. The lowest percentage of paediatric pedal burns has been reported as 59% whereas 

other literature reaches 87%, which was found in diabetic patients. These findings also follow the 

wider burns literature where males visited emergency departments more than females (60%/40%) 

(Fagenholz et al., 2007).  

 

Men and women have exposure to different risks due to social, cultural and environmental factors, 

which therefore creates disparities from country to country of the aetiology of burns in relation to 

gender (Oertelt-Prigione, 2012). The role of gender in the place of injury has not been reported 

previously in isolated foot burn literature. In this study, a significant difference was found in gender 

and place of injury. Across all measures, males were more likely to be burnt than females. However, 

it should be noted that the gender ratios were a lot closer when burn injuries were sustained at home. 

This may be explained by the stereotypical gender roles of the nuclear family, as found by Mashreky 

(2011); where males were less likely to cook, and most fatal burn injuries occurred in the kitchen. 
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8.1A.2 Burn demographics 

It was found that scalds were the most common mechanism of injury in isolated foot burns (71%). 

When looking at purely paediatric burns, this was still the most common with 55%, which supports 

the findings of Hemington-Gorse, who found a rate of 65%.  

These findings contradict 4 of the 5 papers that include paediatric burns in the literature, who found 

that contact burns were the most common (65-100%). The 100% was found in a paper that was 

specifically dedicated to contact burns. This may be due to the samples and context of each paper, 

although contact burns were still second most prevalent (15.4%) in the present study. The 

magnitude of difference in the prevalence between scalds and contact burns in the present study is 

considerably large.  

 

The results showed that in adults, there was a 55.2% incidence of scalds, and 16% contact, as the 

mechanism of burn. In comparison a range between 35% and 51% was found in the literature for 

scalds; and 14-25% for contact burns.  

 

One other difference to note in the results is the proportion of chemical and flame burns in adult and 

paediatric populations. It was found that paediatric cases were unlikely to be flame (0.3%) or 

chemical (1.2%) burns, whereas in adults, both mechanisms were at a 14% proportion. This may be 

explained by work-related injuries in the adult population where cement burns were the most 

common. The flame cases were commonly from trousers catching on fire from bonfires; due to this, 

a shift in focus should be undertaken in public safety announcements that currently concentrate on 

hand burns from sparklers rather than any other dangers or risks (Nizamoglu et al., 2018). 
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When burns are difficult to read, and the depth is indeterminate, mechanism of injury may help 

indicate burn evolution. Certain burns need specific treatments, such as those caused by 

Hydrofluoric acid (Hatzifotis, Williams, Muller and Pegg, 2004). Knowledge of the mechanism of 

injury can also elude to non-accidental injuries (NAIs) (Chester et al., 2006), which is obviously of 

particular importance in paediatric and vulnerable adult populations. 

 

Most papers in the literature look at accuracy of depth assessment and healing potential. However, 

what is not explored are mechanisms of injury and reported burn depth. Adjuncts such as laser 

doppler are useful; however, the depth of penetration is 1-2mm (Jaskille et al., 2010). This makes 

depth assessment in areas of thickest skin less accurate, the soles of feet being one such area. 

Knowing the mechanism of injury in relation to depth is therefore an important adjunct to support 

clinical assessment of the wound.  

 

The results of the epidemiology review show, for the first time, that there was a statistically 

significant correlation between mechanism of injury and associated burn depth in isolated feet 

burns. When considering depth of burn, it would be reasonable to assume that paediatric cases 

would receive deeper burns in comparison to adults as a result of their thinner skin (Derraik et al., 

2014). In contrast, contact burns exhibited the reverse of this, whereby adults had 64% full 

thickness and paediatrics had 18%. This may be explained by adults having comorbidities (such as 

diabetes), or consuming alcohol, which can produce lessened pain perception (Thompson et al., 

2017); this would result in greater contact time with heated objects and subsequently deeper burns. 

This knowledge could be incorporated into treatment strategies, and potentially lead to a shift 

towards more conservative management of paediatric cases. 
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Burn wounds can be difficult to assess due to the distinctive range of skin thickness, from very thin 

skin on the dorsum of the foot to thick skin on the sole (Kakasheva-Mazhenkovska, et al, 2011). 

The glabrous skin on the plantar aspect is unique in structure and therefore its regenerative 

capabilities are also distinctive (Kennedy & Inglis, 2002). This therefore provides a dilemma of 

accurate identification of burn depth, and subsequent treatment varies depending on the experience 

of the surgeon assessing the wound as there are no other skin areas with similar skin architecture 

(Kennedy & Inglis, 2002). 

 

When burns wounds are first presented, knowing the depth of burn can drastically change the 

outcomes of the recovery. By identifying this information within the first 48 hours, the appropriate 

treatment methods can be administered more successfully; something that clinical judgement is not 

as accurate at assessing. Without timely and appropriate treatment methods, the ROM, strength and 

quality of life of the patient may be hindered, when this could be prevented. Furthermore, Alrawi et 

al. (2014) showed that there was a significant link between the date of burn and the admission date; 

bacterial colonisation was found to become more likely, the longer a patient waits to be admitted. 

Positive microbial colonisation on admission was shown to be exhibited when patients waited 

longer than 24 hours post-burn. Therefore, knowing the mechanism of burn can aid an early 

assessment, lead to early intervention, and hopefully prevent complications such as infection of the 

burn wound. 
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Distribution 

The results for burn distribution in both adults and paediatric cases presented interesting results. 

The dorsum of the foot was shown to be the most likely place of injury on the foot for both groups; 

however, when looking at the proportionality of other areas it became apparent that there were 

differences. Paediatric patients were twice as likely to have sole burns (23.8% and 25%) than the 

adult population (12.7% and 12.7%). With the average age of paediatric cases being 2.6 years, it 

could be assumed that the increase seen in the paediatric group may be attributed to children 

crawling rather than walking. This would expose the soles of the feet upwards; a situation that is 

less likely in adults who have their soles covered when walking. 

 

A greater likelihood of right footed burns was demonstrated in comparison to the left side, in the 

adult population. These findings were especially large in the dorsal wounds where 60% of cases 

affected the right foot versus 48% of cases affecting the left foot. A possible explanation for this 

could be leg dominance, as 86% of people have been shown to be right leg dominant (Teo et al., 

2017). This also potentially shows that we use our dominant side in more dangerous situations. The 

paediatric population did not show a side dominance; a possible explanation could be that the 

patients have not yet had the time to acquire a dominance, in relation to a child’s normal 

developmental milestones. 

 

Only three of the papers reported distribution numbers, with all being in paediatric settings 

(Winfield, Barret, and Sinha). These papers look at situations such as walking on coals and walking 

on heated surfaces, however not much comparison can be made with the aetiologies and 

distributions of these papers as they all have unique and specific targeted patient demographics. The 
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Hemington-Gorse paper allowed some comparability as it was based in the UK, however it does not 

state the distributions of burns, and the description of aetiology is limited. 

 

The present study’s results showed a unique finding that contact burns were most likely to be from 

hair straighteners and walking on hobs in paediatric cases. This contradicts the findings from other 

countries, where weather and cultural traditions were the leading causes. This reinforces the need 

for more localised mechanism of burn analysis. As we are aware, knowledge of local mechanisms 

may help determine NAI causes. What this local aetiology shows is that the paediatric causes are 

influenced by parental care (or lack thereof). This may highlight a need for preventative burns 

measures, such as education campaigns targeting the awareness of potential dangers in the home. 

Some measures have already occurred to help prevent hair straightener burns in Scotland, with the 

‘Straight Off, Straight Away’ campaign (Jones & Potokar, 2008; "Straight Off, Straight Away - 

RoSPA", 2020). However, little attention has been given to adults putting children on heated hobs; 

the present study suggests that this should be a target for future campaigns as it was a common 

mechanism of contact burn. This is in comparison to contact burns in adults, where burns to their 

feet as a result of radiators or motorbikes exhausts, were most common. Winter months have 

previously been documented with an increase in hot water bottle burns (Jabir et al., 2013). This 

could potentially be an explanation for the number of radiator burns within the present study, with 

the UK having a cold climate.  

  

Out of 536 patients, only 4 (0.7%) presented with true isolated bilateral plantar contact burns. Due 

to the uncommon nature, patients (particularly paediatric) who present with such injuries should be 

higher on the radar of suspicion as victims of NAIs. Bilateral injuries are unique but within the 

context of history and culture, a true isolated foot burn may be explained easily; such as those 
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caused by fire walking (Chang et al., 2012). This type of information can help with event planning 

and litigation cases. 

 

8.1A.3 Interventions 

Surgery 

The results of the study showed that paediatric burn cases were less likely to require surgical 

intervention than adult patients. Furthermore, adults (5.1%) were more likely than paediatric (1.9%) 

cases to require repeated surgical procedures. This may be explained by apprehension from 

anaesthetists and parents regarding general anaesthetic risks in patients under 3 years of age 

(Derderian et al., 2017); an age which fits the paediatric sample used (average 2.6 years). There are 

further risks which may influence this such as smaller blood circulation volume in children, and 

control of the patient’s temperature which is more problematic in paediatrics (Bindu et al., 2017; 

WHO, 2020). Conversely, adults may be more likely to receive surgical interventions as a result of 

comorbidities, and delayed admission, resulting in injuries that have developed more complications 

(Alrawi et al., 2014). An explanation for this may be this may be work-related commitments, 

especially if patients are self-employed. None of the literature compares adults and paediatric cases 

in terms of surgeries; they are either analysed together or just a subsection of paediatric burns 

looked at. This therefore gives a skewed representation of the true number of burns patients 

requiring any surgery, with a range of 1.4% to 46% in the literature. 

 

Mechanism of burn was found to be related with whether surgical intervention was necessary. This 

is unsurprising as the mechanism of burn is associated with depth of burn; and depth of burn is 

correlated with healing time (which is an indicator for surgical intervention being necessary) 
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(Cubison, Pape & Parkhouse, 2006). Chemical and flame burns required more surgical intervention 

than would be expected if the mechanism and the surgical intervention were independent. 43% of 

flame burns and 39% of chemical burns required surgical intervention compared to scalds, which 

were 30%. It is known that flame burns are more likely to lead to deep dermal and full thickness 

injuries, hence their increased requirement for surgery (Hettiaratchy & Dziewulski, 2004). 

Chemical burns, one type of which is alkali burns, can cause liquefaction necrosis. This means that 

the extent of the burn is larger the size of the injury i.e. what can be seen on the surface is not 

representative of the actual extent of injury. This along with residual chemical on the wound may be 

the reason for multiple debridements needed to remove the damaged tissue. 

 

The demonstration of children (14%) requiring less operations for contact burns in comparison to 

adults (48%) has not been shown before. This could lead to a more conservative approach in the 

treatment of children with contact burns. Adults are also more likely to have wound healing 

impairment due to comorbidities and smoking status (Bagaitkar, Demuth & Scott, 2008). Another 

factor that could affect the adult population is longer exposure time, resulting from reasons such as 

alcohol intoxication or reduced sensation from peripheral neuropathy.  

 

The most common form of surgical procedure was a split thickness skin graft, which is also 

common to other areas of burn surgery. Biobrane is a surgically applied biosynthetic dressing, 

commonly used in burns surgery. However, there were very small numbers of Biobrane 

interventions reported. This may be due to difficulties of application due to the intricacy required 

with feet (Greenwood et al, 2009). Other areas of the body such as hands, which have difficulty of 

conformity of the dressing, have had specific methods developed (glove-like application); as the 

feet do not have this kind of specific method, development of these procedures should be 
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investigated. Another reason Biobrane may be used less frequently is the unique bacterial 

colonisation of feet; as Biobrane needs to be applied to a clean wound, any bacteria left beneath it 

results in a high risk of infection. 

 

Flap surgery was very rare in the feet, which may be due the depth of injury or the low incidence of 

flaps in the general burns literature (Jabir et al., 2014). There is a noticeable difference between 

adults and children requirements for flaps, and this would be due the aetiology of burns in children 

leading to more superficial wounds. Usually flaps are only for catastrophic burn wounds. Skin 

grafts are chosen as the primary source of intervention as they provide quick healing times and are 

easily performed; however, they are prone to contractures. In the future if outcomes such as 

function (like gait) were proven to be affected, then potentially flap reconstruction would be 

considered as a higher surgical priority. 

 

Distribution regarding likelihood of surgical intervention has never been discussed in the literature 

before. Plantar burns were the least likely to be operated on, both in adults and in children. 

Similarities could be drawn to palmar burns which are usually given the benefit of the doubt to heal 

due to the peculiarities of glabrous skin, which makes excision and grafting with similar quality of 

skin difficult (Bache et al., 2017). The unique area of foot soles provides important proprioception 

and balance from Pacinian corpuscles, and excision of these could be assumed to have a detrimental 

effect on a patient’s quality of life. This is assumed but not yet assessed in the current literature. 
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Mobilisation 

Graft loss is associated with many factors, one of which are shear forces on the wound (Scherer et 

al., 2002). To combat this, grafted areas are normally immobilised, by use of bulky dressings and 

requesting that the patient does not move the affected area. However, immobilisation of a patients’ 

feet will affect their ability for rehabilitation. 

 

Rehabilitation of the burn patient is a key phase of comprehensive care, which requires not only 

medical procedures but also essential psychological and physical therapy specialists to achieve the 

restoration of functional physical activity. Early mobilisation ensures the safe recovery of the 

musculoskeletal system and avoids any deterioration in cardiovascular function (Duke et al., 2016). 

Therefore, it is a fine balance between commencement of mobilisation and graft loss. 

 

No papers look at feet and day of mobilisation; the closest are papers looking at lower limb burns in 

general. It may be thought that graft loss in feet is more likely, due to the number of joints involved 

thereby increasing the amount of movement in the skin. Current mobilisation post skin graft is still 

a contentious issue. When 337 burn surgeons were surveyed about protocol, there was a variation of 

practices seen (Retrouvey et al., 2019). Our data shows no statistically significant differences in 

average day of mobilisation and complications. 

 

There is a trend to encourage patients to engage with early mobilisation but there is little evidence 

in the literature; most comes from comparative studies. None of these focus on feet, which have a 

wide range of movement in a three dimensional plain and also have the issue of footwear. Most 

surgeons do not use immobilisation if a joint is not involved. There currently is no evidence for 

mobilisation of grafts crossing a lower limb joint. One study looked at ambulation in general but not 



 

 

245 

graft site mobilisation (Lorello et al., 2014). Our study adds the uniqueness of the foot, however 

further investigation would be needed to ascertain day of mobilisation and mobilisation practices, 

which vary tremendously. 

 

Traditionally SSG dressings have been held on by tie over dressings, which help stop shearing 

forces being applied to the graft postoperatively. However, these themselves can be bulky and 

prevent mobility of the foot (sometimes by design) (Farroha & Shelley, 2012). The application of 

negative pressure wound therapy by way of a vacuum device has been shown to increase blood flow 

and granulation tissue within wounds (Dumville & Munson, 2012). It has therefore been taken up in 

recent years and adapted to be used over split thickness grafts. These themselves could in theory 

enable early mobilisation as they would reduce shear and provide better conformity to the wound 

bed. Their ability to improve the neovasculisation of grafts, however, has been called into doubt, 

and Ward et al. (2012) also pointed out no difference in graft take. Indeed, the machines which are 

attached to the patients, have their own problems such as being expensive, bulky, and losing suction 

(leaks occur due to toe gaps and surfaces being convex rather than concave). Therefore, these on 

balance may not be the default option for grafts in the foot but may be considered an area to explore 

in high risk patients and early mobilisation.  

 

It was thought that mobilisation would influence feet grafts due to the number of joints involved. 

The results of the present study however, showed there to be no difference. This therefore impacts 

future treatment plans, which would support early mobilisation in feet burns. 
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8.1A.4 Outcomes 

Complications 

Complication rates within isolated foot burns are poorly reported in the literature, with rates 

reported between 18% to 90%; and no breakdown or sub analysis performed. This study found there 

to be a complication rate of 41.5% in adults and 19.1% in paediatric cases. Complications caused by 

infections were nearly four times as likely in adults (27.4%) than children (7.7%). This may be due 

to the previously discussed delay to admission, whereby adults end up with more complications 

(especially bacterial colonisation) due to delaying their hospital visit (Alrawi et al., 2014). Incidence 

of scarring was found to be more likely in paediatric cases (12%) than adults (9.4%). Bayat (2003), 

explained these differences as an inflammatory and cytokine profile issue, whereby younger 

individuals had worse scarring than similar injuries in older patients. 

 

When analysing the predictors of complications, multiple results showed significance. Conservative 

management was shown to have a positive correlation, thereby causing more complications.  

 

Conservative management shows the importance of early surgical intervention if required, as 

delaying may increase the risks of complications. The knowledge gleaned from this paper showing 

distribution and surgical intervention rates, could be used to risk stratify patients and adopt earlier 

interventions. Antibiotic use was associated with an increased risk of complications: it is likely that 

these are recordings of antibiotics being used to treat infections rather than prophylactically. 

Prophylactic antibiotic use for burns in general is not recommended as it can lead to antibiotic 

resistance (Avni et al., 2010). However, the uniqueness of the feet flora, the colonisation rates of 



 

 

247 

burns wounds, and the new knowledge presented here with high infection rates in adults, lead to a 

novel use of antibiotics being used prophylactically. 

 

Multiple authors have estimated that 15-25% of adults with diabetes will have foot problems during 

their lifetime, with risk on neuropathy being 28.5% (Cunha, 2000; Gregg 2004; Margolis, 2003). 

The results of the present paper found that although peripheral neuropathy has an increased risk of 

complications, diabetes (a common cause of peripheral neuropathy (Davies et al., 2006) was shown 

to not be a predictor. This contrasts with Kimball and Barsun who found that diabetics had an 

increased risk of complications compared to the nondiabetic population. Barsun looked at lower 

legs in general and found the risk to be 90% of complications. Interestingly, in Kimball’s paper that 

looks at just feet, this dropped to 4.7% in the diabetic and 1.8% in the non-diabetic population. 

Non-diabetic neuropathy should be treated with a higher suspicion of complications and therefore 

acted upon with these in mind.  

 

Time to heal 

Time to heal has not been recorded as much in the literature and is normally focused on 

complications of wounds. When mentioned in the literature, there is usually focus on the results of 

Cubison et al (2006) which demonstrated the increased hypertrophic scarring associated with 

increased time to heal.  However, time to heal also effects the health economics with increased 

dressings, time off work and an altered quality of life. This study filled the gap in the literature and 

found multiple significant findings.  
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As demonstrated in this study, peripheral neuropathy has an increased complication rate. This may 

explain the 34.7 days increase in Time to heal seen in the results. On the other hand, split-thickness 

skin grafts and Biobrane were shown to improve healing times. Therefore, it would be worthwhile 

for burn departments to employ these methods more readily in isolated foot burn patients.  

 

Length of stay 

Length of stay is a commonly used health demographic both as an outcome measure to assess the 

patient and also to assess the hospital care provision (Brasel, 2007). Review of length of stay has 

previously been associated with the levels of quality of care a unit provides, but this has recently 

been called into question as a multitude of other factors impact each hospital. These include cultural 

and geographical factors and patient demographics (Lingsma, 2018). Therefore, local assessment of 

LOS is advantageous for provision of care and discharge planning, but comparative data against 

other units/services must be contextualised if being used to assess the quality of care the unit is 

providing. 

 

Length of stay is commonly stated as 1 day per TBSA%; however, Inhalation injuries and large 

TBSA% burns have been found to not adhere to this rule (Taylor et al, 2016). The results of the 

current isolated foot burn study exhibited an average length of stay of 4.6 days. Adults were noted 

to have a longer mean length of stay (5.7 days) than children (4 days). These results sit 

comparatively in the middle of the literature where LOS varies from 1.1 to 15.2 days. However, all 

these papers show some degree of limitation, with their samples following specific criteria that have 

been set. The reasons for length of stay also appears to be missing vital analysis within the 

literature. The age difference is likely due to the increased level of function needed for adults to 
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return home, whereas many of the children in the study are not even of walking age and would have 

adults to look after them. This new knowledge could enable packages of care to be established early 

on to facilitate an earlier discharge in adults. 

 

Length of stay in especially large burns, depends of level of inpatient care required and age (Maan, 

2014). There appeared to be no other evidence in the literature for Length of stay and lower limb 

burns. In orthopaedic surgery, Moller et al. (2002), found through a randomised controlled trial that 

smoking intervention in hip and knee surgery reduced complications (18% versus 52%) and LOS (2 

days less). However, in the isolated foot burn population, smoking does not appear to affect the 

Length of stay. 

 

When analysing the predictors for length of stay, flap reconstruction, and size of burn were the only 

statistically significant results, exhibiting increases in length of stay. As flap reconstruction is 

reliant upon fragility of arteries, patients are usually intensely monitored therefore increasing length 

of stay. The benefits of functional outcomes in flap reconstructions would need to be balanced 

against the increase in Length of stay. 

 

For the first time the importance of isolated foot burns in terms of length of stay has been 

demonstrated. Whilst 1% TBSA burns have been commonly thought to produce similar outcomes, 

regardless of anatomical location; the results contrasted this, with feet showing statistically 

significant differences regardless of depth of burn. The uniqueness of 1% TBSA feet burns may be 

due to the inability to compensate their function, as both feet are required in activities of daily 

living; where a unilateral hand burn may be compensated for with the other hand. This highlights 

the importance of isolated foot burns and their management.  
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The results demonstrated obvious and new differences between isolated feet burns and other burns 

populations. Interventions have critically played a key role in influencing outcome measures.  

 

Understanding the effects of isolated feet burns has helped highlight length of stay, equipment 

needs, return to function (including return to work), and the potential costs for both the Burns 

Centre and the patient themselves (Ahn and Maitz, 2012). Although there are recommendations in 

guidelines that burnt feet should be treated as major burns, they are often treated on an outpatient 

basis due to a lack of standardisation of care (Hemington-Gorse et al., 2007). Currently, there are no 

standardised patterns or treatment pathways for foot burn management.  

 

The present study has revealed a number of vital activities and interventions that can influence both 

hospital and patient outcomes. These include, early surgical intervention and application of 

Biobrane in isolated feet burns, reduced complications and improved time to heal, and can be used 

as the building blocks for new management plans in isolated foot burns.  

 

Outcomes showed that rate of infection and complications in general are increased by conservative 

management and peripheral neuropathy. Length of stay has also been shown to be significantly 

increased in isolated feet burns with a difference in age of patients. This is most likely as a result of 

the increased functional requirements of adults in comparison to paediatrics. For the first time, both 

the magnitude of the epidemiology and the problems presented by isolated foot burns have been 

demonstrated. The functional outcomes which are not recorded in isolated foot burns need to be 

demonstrated and taken into consideration. These new findings could provide improvements in 

treatment pathways for isolated burns patients. 
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8.1B) Questionnaires 

Sixteen test subjects and 30 controls completed questionnaires. This fulfilled the minimum dataset 

criteria required through a g power analysis of 15 burns and 29 controls for a very large effect size 

of 1.2 (Sawilowsky, 2009). When comparing the demographic characteristics of the individuals 

within the two groups, no statistical differences were found. As the two groups had similar 

premorbid prognoses, the confidence in any differences seen between the groups can be attributed 

to the isolated foot burns. 

A trauma patient can undergo some potentially fatal complications such as multiple organ failure, 

infection, shock, and respiratory distress, depending on the affected location. Such complications 

usually occur in the acute phase of trauma, which can be followed by the difficult task of 

rehabilitation and integration back into society and may be accompanied by psychological effects 

on the family members and the burn survivor (Traber et al., 2007). Additionally, the financial 

impact to cope with burn injuries can be significantly high because of new personal expenses for 

necessary resources, and potentially the replacement of damaged property. Even in cases where 

optimal treatment is provided, body appendages may be damaged permanently, and scars cannot be 

completely avoided. The rehabilitation burdens eventually fall on the patient and family members 

and ultimately affect quality of life. 

The present study’s results comparing isolated foot burn patients and controls found multiple 

significant findings and displayed worse outcomes in the burns population. This means the primary 

null hypothesis could be rejected as there is a difference between burns patients and controls in 

quality of life. 
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8.1B.1 LEFS 

The LEFS total score showed significant results, with the isolated foot burns patients scoring a 

mean of 20 points worse than the controls. Jarrett et al. (2008) description of its use in burns 

highlights the paucity of literature; “No publications were found reporting its use with a burn injury 

population”. Following this, Jarret implemented it in the general population for one paper. This was 

non descriptively used and not specific to isolated foot burns, but parallels can be drawn. He 

reviewed 44 patients with burn injuries and found the LEFS to show sensitivity at the 6- and 12-

month periods. The LEFS’ reliability has been demonstrated to be reliable in many other areas of 

medicine, such as anterior cruciate ligament tears (Alcock et al., 2012). With the plausibility of its 

use in burns, and its use in the present study, new grounds have been breached; with the possibility 

of its further use within the foot burn literature. 

The validity of the total scores has been demonstrated in other studies (Pua, 2008). Although the 

validity of individual questions has not been demonstrated, it is interesting to note that question 15 

appeared to be the only one with no significant difference when analysed. Question 15 asks the 

participant if they had any difficulties with sitting for one hour. The reason for this question being 

an outlier makes sense, as an isolated foot injury of any nature would be unlikely to affect the 

ability to sit still. This highlights the general nature of the questionnaire to all lower limb injuries 

and would more than likely highlight a gluteal or lower back problem (Lis et al., 2007). All other 

questions within the LEFS require active foot involvement/movement. 
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8.1B.2 FFI 

FFI total scores for burns patients were statistically significant compared to the controls, with mean 

total scores being 20.7 times worse in the isolated foot burn patients. There are no reports of FFI in 

the burn literature to compare to. However, its use has been widely validated in a number of studies 

since 1991 (Budiman-Mak, 1991). However, of the 17 questions, two were found to not be 

significantly different; these being questions 15 and 16. These two questions asked: 

Question 15- Over the past week, how much of the time did you use an assisted device indoors? 

Question 16- Over the past week, how much of the time did you use an assisted device outdoors? 

All other questions required movement of the feet and the impact regarding difficulty or pain. Only 

these two questions looked at the need for assisted devices. This shows that even though isolated 

foot burns impact patients, there is potentially little need for assisted devices to carry out ADLs.  

 

8.1B.3 SF36 

The burns patient group scored lower (worse) on all 8 of the SF36 scale scores. The Physical 

Component Score (PCS) and Mental Component Score (MCS) summary scores were both lower in 

the burn group; however, only the physical component was statistically significant, with the mental 

component summary showing no significance. The PCS results are not surprising as the patients' 

physical ability has been affected; however, it has never been reported until the present study. On 

the other hand, the MCS scores were surprising, given that there appeared to be a minimal effect 

from isolated foot burns. Both results present new knowledge that could help direct future treatment 

management plans. 
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Generally, survivors of burn injuries experience higher levels of emotional distress and lower 

quality of life than the normal population (Patterson et al., 2000). A study carried out by Edwards et 

al. (2007) used the SF-36 to measure brief symptoms inventory (BSI) and the health-related quality 

of life in the assessment of psychological symptomatology across domains. In the first year after 

burn, depression and anxiety were found to be more frequent than before. However, formal 

diagnoses of psychiatric conditions may have given a more precise prediction of outcomes and 

description of the patients’ psychological status. A study carried out by Druery, Brown, and Muller 

(2005) sought to find the sustainable effects a major burn had over time. The researchers studied 

patients undergoing mechanical ventilation with extensive burns (TBSA more than 40%), and of 

ages more than 16 years, for a period no less than two years after injury. The study utilised the 

BSHS-A questionnaire, and according to the results, the involvement of the hands and face had an 

increasing mean physical score that was statistically significant. Additionally, the burns with TBSA 

of more than 60% had statistically significant higher physical domain scores compared to burns 

with TBSA of less than 50%. Because those with TBSA greater than 60% had a positive effect of 

hand burns and facial burns, this could mean that there was a stronger positive reaction towards 

injury and a developing degree of independence. To date, no work has been done to look at the 

impact of a “small burn” such as the unique effects of isolated foot burns; the focus has instead been 

on the hands and face. 

A study was carried out by Sheridan et al. (2000) on a group of 80 children who had survived 

massive burns of TBSA greater than 70%. They were evaluated using the SF-36 questionnaire for 

an average of 14.7 years after their injuries. The study results showed that most of the participants 

had scores of HRQoL that could be compared to the general population in the same age bracket. 

Those who had a positive influence from a functional family showed that there were higher HRQoL 

scores in the domain of physical role. Additionally, there were higher general scores where there 
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was an early reintegration with activities carried out before the burn injuries. A consistent follow-up 

positively influenced the scores of physical functioning in a multidisciplinary burn clinic. This 

highlights the critical role the burns MDT could play in altering the outcomes of these burns and 

could form the baseline on which to develop an MDT intervention strategy. 

Other studies show that most survivors of burns who are adults do not suffer from psychiatric 

problems or depression (Patterson et al., 2000). The rates of prevalence are, however, likely to be 

higher. A total of 13 to 23% of burn patients experience post-burn depression (Van Loey and Van 

Son, 2003), which compared to the wider population is higher (7.6 % for wider population) (Bijl 

and Ravelli, 1997). Young survivors of burn injuries use coping strategies, which can enable them 

to see beyond the common concerns of appearance. One such strategy is attending a Burns children 

club where they can meet other children who have sustained burn injuries, as discussed in Pope et 

al.’s (2006) study. These methods also help them face their new reality and accept that being 

different could change the way people view them, but this does not change their own perception of 

body image and HRQoL. According to Palmer et al. (2000), diseases that are life-threatening lead 

many adolescents to use strategies of coping such as communicating with peers, expressing painful 

emotions, living life to the fullest, self-determination and other reactions that are positive, which 

help them live a normal life in the long run. 

Recognising the premorbid functioning level and a person’s psychological state before a burn injury 

is essential in determining the level of dysfunction related to a burn (Druery, Brown and Muller, 

2005). Other causes of trauma have demonstrated that pre-existing factors such as high extraversion 

and high neuroticism may exist (Breslau, Peterson and Schultz, 2008). This can also be the case for 

burn patients, where personality traits appear more in the normative sample. For instance, the 

patient reports where they attempt suicide varies from 0.37 to 4.2%, and these attempts may be 

catalysed when the patient had a psychiatric history (Meir, Yakar, and Rosenberg, 1990). Dyster-
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Aas et al. (2008) proposed that two-thirds of patients with burn injury display a history of lifetime 

psychiatric disorder. Patients who have a psychiatric history are at a higher risk of developing post-

burn psychiatric problems. In contrast, those patients who had a positive psychological state before 

the injury were shown to have better functional outcomes (Riis et al., 1992). 

A study was conducted by Daigeler et al. (2009) on patients who were treated for burns as a result 

of suicide attempts. The study investigated their psychological status before and after trauma and 

their HRQoL after their psychological adjustments. The SF-36 questionnaire was used to measure 

their HRQoL, and the results showed that they scored lower than the average of the normal 

population in most of the domains of health, although there were no statistically significant results. 

It is possible that a larger sample could have shown some statistical significance because only 11 

patients participated in the study. Parallels can be drawn between these findings and the present 

study, with all scores of the SF36 being lower (worse) in isolated foot burns. This may be due to 

both studies having low numbers of participants. Wisely et al. (2007) also carried out another study 

on 72 burn patients, and the outcome showed that 63% of the patients needed continuous 

psychological care to minimise depression and anxiety, and 35% had mental disorders that existed 

before the burn injury. A study conducted on an Israeli population showed that increased positive 

attitudes from patients had the opposite effect (Gilboa et al., 1999). Patients in the study who had 

extroversion, optimism, and a sense of hope, were better able to adjust to their burn injuries over 

time. These characteristics may be worth investigating in order to maintain and improve the MCS 

scores of future patients. 

The survivors of burn injuries who had initial psychological instabilities are the ones which 

generally require long-term psychological and surgical follow-up, access to quality health services 

from the medical practitioners, and periodical evaluation of HRQoL (Klinge et al., 2009). Studies 

done in the future should evaluate this group of patients and recommend more focused interventions 
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on psychological patient rehabilitation. This could potentially benefit the patients concerning 

HRQoL because chronic conditions have unique and different HRQoL profiles (Stewart et al., 

1989) and, as such, should be investigated with that in mind. Consequently, generic instruments for 

measuring HRQoL might have an advantage over those that are disease specific in the assessment 

of general variables that show HRQoL (Brazier et al., 1998). They may also be beneficial during the 

comparison of groups of patients with other population norms and disease states (Anzarut et al., 

2005). 

8.1B.4 Burn distribution 

The LEFS, FFI, PCS, and MCS scores were examined between the control group and differing 

anatomical burn locations of patients. The participants' results were selected purely based on a burn 

being present within the predefined anatomical areas of dorsum, sole and ankle. This also meant 

that some patients presented in multiple sample groups as they had several areas of the foot 

affected. All results showed the burns groups to have worse scores in comparison to the control 

group.  

In all the results, MCS scores were not significant. As previously discussed, this lack of 

significance may be due to the effect that Rainer et al. (2014) described, whereby patients would 

have a greater appreciation for their current situation post-injury; this may demonstrate a more 

positive outcome from the patients. However, Rainer et al. (2014) also showed MCS scores 

dropping at the 12-month in trauma patients. 

The three other outcome variables, FFI, LEFS, and PCS, were found to be significant compared to 

controls. This demonstrates that no matter which area of the foot is burnt, their importance should 

not be taken lightly.   



 

 

258 

Burns involving the sole of the foot had worst outcomes across all domains when compared to the 

other anatomical areas, most notably in FFI which was three times higher and exhibiting a 

significance value of 0.008. A potential reason for the difference in sole burn results may be due to 

the unique structure and function of the glabrous skin. Glabrous skin has previously been stated to 

be difficult when considering grafting and rehabilitation (Bache et al., 2016). While Bache et al. 

looked at burnt hands, there are many similarities between the sole and palm, with both areas being 

the functional working areas of each limb. Therefore, sole burns will naturally affect the activities 

of daily living. However, there is little recorded use of assistive devices in the isolated foot burn 

participants. This could be that they have not been offered or were not required, but sole burn 

patients would have the greatest benefits. The lack of these devices may be because isolated foot 

burns are not routinely admitted and therefore, do not get to see a rehabilitative therapist. A 

recommendation would be to admit foot burns to have a therapist review. The usefulness of this 

could be assessed again after implementation in a future study. 

Due to some participants having burns that overlap between the three aforementioned areas of the 

foot, ideally only anatomically isolated burns would be investigated. However, the epidemiology 

showed very few patients with a unique anatomical area involved. Therefore, this study involved 

participants who may have had multiple burn areas that could mask the accurate of the results. 

8.1B.5 Timing 

To ascertain whether the results were affected by time, the participants were grouped into less than, 

and greater than, 6 months post-burn. This was chosen as most patients attend a 6-month post-

healing follow-up appointment; dividing the groups by any other time period would have produced 

groups with too few participants. This is also supported by Son et al. (2014), who stated that 6-
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months post-injury usually has a balance between collagen production and degradation; therefore, it 

is a key point in scar maturation and rehabilitation. 

The MCS scores showed that the >6 months group showed a significant difference in comparison to 

the <6 months group, with scores also exceeding the normal population. This could potentially be 

explained by mental health being a relative concept, whereby the patients show greater appreciation 

for their life and recovery, post-burn injury, and healing. Rainer et al. (2014) found similar results 

for MCS in the non-burn population. In their study, 400 major trauma patients were prospectively 

followed up and showed greater than normal population MCS scores after 6 months. However, it 

was found that at the 12-month period, the MCS scores had decreased once patients were aware of 

their prolonged and possibly non-recoverable injury. Therefore, it may be important in future 

research to do a longitudinal follow-up design to understand the changes in mental health for post-

burn trauma. 

Health-related quality of life (HRQoL) and burns HRQoL is a continually changing multifactorial 

measure in burn survivors. The timing of completion of the HRQoL is very important because, after 

the initial period of rehabilitation and the acute phase of the injury, patients tend to recover rapidly 

(Traber et al., 2007).This has not been shown to be true in the isolated foot burns data with no 

statistical differences in the physical components of the outcomes between time of injury and after 6 

months. Conversely, according to some authors, the assessment should commence as early as two 

weeks after being discharged to properly examine the patterns of recovery (Van Baar et al., 2006). 

All isolated foot burn patients were recruited beyond 2 weeks post-burn injury. However, the 

examination of HRQoL after such a short time period could give misleading results due to the 

dynamic nature of recovery. Patients have a continually changing perception of their injury, and the 

stabilisation of the immediate post-hospitalisation period may require some time (Cromes et al., 
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2002). These factors could have affected the data analysis of the present study. However, with very 

few participants available, the problem could not be addressed appropriately.  

The time in a person’s life when a burn occurs is also significant when carrying out studies related 

to burns. Rosenberg et al. (2006) conducted a study to demonstrate that burns could have 

detrimental effects on HRQoL during the sensitive transition period from adolescence to young 

adulthood. This study evaluated 95 young adult survivors (43 females and 52 males) with a mean 

TBSA of 54.3 +/- 20.2 %, an average of 21 +/- 2.6 years, and a mean postburn period of 14.2 +/- 

5.5 years (Evans and Cope, 1989). Compared to the reference group, the survivors of burn injuries 

had a lower HRQoL rating. Involvement in sports activities had significant gender differences, and 

surprisingly, the ratings for friendships or extramarital relations were higher in burn survivors than 

the group of reference. All patients with isolated foot burns were adults, however recording of their 

support structure was not performed. Exploration of support structures may provide interesting 

results as foot injuries in general tend to have an increased requirement for support (McCarthy et 

al., 2003). Although Evans’s study looked at adults, it could be inferred that similar results may be 

found in children. However, this has not been investigated yet and could be a focus of future studies 

in the field.  

 

8.1B.6 Interventions 

When the two intervention methods of conservative treatment and graft treatment were compared to 

each other and the control sample, a variety of results were found. Graft against conservative found 

the graft intervention to provide superior results along all four measures. However, only the FFI and 

LEFS scores were statistically significant. Although the MCS scores were not statistically 

significant, there was a noticeable difference between graft and conservative MCS scores; with the 
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grafted patients scoring higher than conservative group and the standardised population norm. One 

possible explanation of this could be gleaned from the Hawthorne effect. This is a phenomenon 

whereby an individual will react and modify their behaviour or thoughts due to the perception of 

being observed (Parsons, 1974). In this instance, the patient is being monitored more frequently due 

to having undergone surgical intervention, and this potentially results in a more favourable opinion 

of the care they are receiving. Modifications of the burn wound from simple dressings to grafting 

will lead to an improvement in the patient's psychological well-being.  

As evidenced in this study, the MCS scores of patients in the acute phase of recovery are lower than 

the average population, before rising to exceed this at 6 months. However, as Rainer et al. (2014) 

demonstrated in trauma patients, this does not continue long-term. It would therefore be reasonable 

to recommend that further support is given. This may be achieved with psychological support and 

regular SF36 checks to monitor their progress. 

The results from all the studies reviewed in the literature are in support of the suggestion that burns 

affect the HRQoL of the affected patients in a multitude of ways. Therefore, the primary hypothesis 

must be rejected. A clear difference has been demonstrated by choosing the correct intervention 

strategy with grafted patients outscoring conservative management patients. This means that the 

secondary null hypothesis must be rejected. Furthermore, the importance of the Multidisciplinary 

Team (MDT) has been shown to be vital in the wider aspects of a patient’s recovery, and not just in 

wound management. This is the first time these outcomes have been demonstrated for isolated foot 

burns. 
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8.1C) Physiotherapy 

Van Baar et al. (2006) in their review of burn rehabilitation outcomes, reported up to 18.5 % of 

adult burns experienced restriction in ROM up to 5 years after the injury. This therefore puts more 

emphasis on the need for quantification of outcomes of movement in burn patients. Best clinical 

practice recommendations are that the outcome measures of levels of impairment, quality of life, 

and participation are performed as per the ICF (International Classification of Functioning). 

Burn severity and location have a significant effect on functional outcome, and as such the approach 

of assessment should be able to account for those factors (Serghiou et al., 2002).  

Outside of normal patient demographics, there are many factors that can affect function of the lower 

leg. Two of the most important patient variables are BMI and knee stability (Sartorio et al., 2003). 

To eliminate their effect on the results of this study, both the burn and control groups were analysed 

to ascertain whether there were any statistical differences. 

The BMI average of both the burn and control population placed both within the overweight 

category (BMI greater than 25 (NHS,2019), with no statistical differences between the groups. 

It has been reported that between 10% to 25% of normal individuals exhibit knee injuries (Louw et 

al., 2007). Additionally, in the normal population, a high proportion are living with undiagnosed 

knee injuries (Gokhale et al., 2019). Due to the importance of the ligaments of the knee in lower-

limb functionality, these ligaments were analysed in both the burns and control samples. The results 

showed there was no significant differences in knee stability of burns patients compared to controls, 

eliminating this as a confounding variable on the impact of the burn injuries sustained.  
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8.1C.1 Power 

When reviewing lower limb power there were no significant differences between the control and 

burn groups. This could be explained by the fact that the patients had skin-only injuries, with none 

having catastrophic burns affecting the musculature. Periods of immobility can lead to weakness of 

the lower limbs (Rousseau, 1993). However, with small burns (such as feet) this would have been 

transient and interventional physiotherapy would have overcome that. Muscle wasting could affect 

power; however, this is typically only seen in major burns and not in minor ones (Hart et al., 2001). 

This is usually due to the significant association between increased catabolism and the 

hypermetabolic response seen in large burns leading to loss of muscle mass, and reduction in 

function (Omar, Abd El Baky and Ebid, 2017). From these papers, it could be assumed that small 

foot injuries would not result in a loss of power. However, in Konradsen & Hansen’s (1998) paper, 

ankle injuries were shown to affect power; which was tested using a dynamometer. In burns, the 

only comparable literature is Gittings et al (2016), who demonstrated that small burns affected hand 

strength using a dynamometer as their measure. It would be assumed from these papers that isolated 

foot burns would demonstrate some weakness; however, the present study did not show this. The 

use of a dynamometer, as seen in this literature, rather than the Oxford scale (which was used in the 

present study) may have demonstrated power reductions. However, the use of a dynamometer has 

its own issues. These include the need for training, maintenance, storage, being costly, and lack of 

portability (Falder et al., 2009). Although the Oxford scale is a crude measurement tool, it is 

commonly used and has a good inter-rater reliability (Jepsen et al., 2004). From a research point of 

view, future studies looking at isolated foot burns may benefit from the use a dynamometer.  

Most of the function of the foot is performed by the ankle, which is moved by flexors and extensors 

in the leg (Brockett & Chapman, 2016). These muscles are outside the zone of injury in isolated 

foot burns. As a result, this may explain why no power differences were found in the present study.  
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8.1C.2 Range of motion 

Although it would be expected for no differences to be found in hip and knee movements, both had 

small significant differences. In the burns population, knee movement was found to have a small 

reduction in flexion of 5.89 degrees. In contrast, hips extension was increased by 13 degrees, in 

comparison to the control group. Since none of these patients had premorbid injuries it can be 

assumed that some compensation has been adopted either due to the physical or psychological 

impact of the injuries. This could be explained through the application of operant conditioning 

whereby a continuous ‘punishment’ of pain will make the individual less likely to repeat the same 

action, but look for an alternative method (Skinner, 1938); in this case adapting movement of the 

affected leg to lessen foot pain. 

When reviewing lower leg injuries, in relation to anterior cruciate ligament (ACL) injuries, it has 

been noted that a comparative compensation can occur. In patients who were not coping well with 

their injury, compensation was seen by them using less knee flexion, and increased hip movement 

(Rudolph et al., 1998). A similar level of apprehension could explain the results seen in isolated 

foot burns.  Development of muscle imbalance as a result of foot burns could be treated through the 

use of preventative physiotherapy. It has been shown in other rehabilitation cases that combining 

physical rehabilitation with psychotherapy is important in removing negative stimuli that results in 

muscle imbalance (Wisniewska et al., 2012). 

The ROM of the ankle in the burnt population was found to be significantly reduced in every 

measure compared to the controls, except for dorsiflexion. However, the validity of dorsiflexion as 

an outcome measure has been called into question when patients are non-weight-bearing (Baggett 

1993). Rome et al. 1996 described the various inaccuracies and errors that can be attributed in 

dorsiflexion readings due to the examiner, subject or procedure.  
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Big toe movement was not significant, and this may be due to the difficulties in measuring joint 

movement accurately in small joints, or the fact that few of the patients had big toe involvement. 

This analysis could be improved by an increased sample size.  

A study carried out by Benjamin et al. (2015) sought to assess how lower body burn locations 

affected cardiopulmonary function and strength. The 10-year study assessed children between the 

ages of 7-18 years who had more than 30% TBSA burns. Analysis was conducted to assess the 

relationship between cardiopulmonary function (VO2peak) and lower body strength (PTW) which 

result from burns traversing the lower body joints of the subjects. The results showed that the 

relationship between burns and PTW at the toe was significant – showing a 33 Newton-

metres/kilogram (p = 0.013) decrease in peak torque and no significance in ankles. This contrasts 

with the present study which showed a difference in ankles but not in toes in isolated foot burns. 

However, they were looking at major burns compared to small isolated injuries and used more 

accurate assessments of power rather than the Oxford strength scale. 
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Burn distribution 

Patients with any dorsum involvement had significant reductions in ankle ROM when compared to 

the control sample; except for dorsiflexion. A similar picture is seen in ankles, with inversion, 

eversion, and plantarflexion affected. A potential explanation for the dorsiflexion difference is that 

it can be difficult and inaccurate to measure (Rome, 1996).  

Sole involvement shows a similar result to dorsum, in that ROM is reduced compared to controls 

with no differences in power. Interestingly, when comparing patients with sole burns against burns 

in other anatomical areas, there was a 50% reduction in dorsiflexion ROM, which was significant. 

Traditionally it would be expected that the zone of injury would receive the largest deficit in 

function, but the converse seems to be displayed here. A pattern appears to exist of dorsal and ankle 

injuries being reflected in the movements of the plantar and sole areas in dorsiflexion. Explanations 

for this could be scar contractures on the affected, as the scar’s relative inelasticity would limit the 

amount of movement, in the opposite direction. In the burns literature similarities can be drawn 

from hand burns where dorsal burns effect palmar movement, as reflected in a reduction of patients 

measured grip strength (Cuadra et al., 2012).  

Flaps taken from the plantar surface have been described for their use in covering burns defects on 

the dorsum of the foot. With new knowledge presented here, consideration should be given for 

donor site morbidity, due to the connection seen between the two regions (Uygur et al., 2008) 

Although the sample numbers of isolated burn areas are small, this knowledge would provide a 

baseline for health providers to determine the most optimum strategies of rehabilitation for an 

individual based on area of burn. This could be achieved through rehabilitation programmes, which 

focus on gross movement skills such as walking, dynamic and static balance, vocational tasks, 

maintaining the range of joint motion, and high-level coordination.  
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8.1C.3 Special tests 

Single-leg stand results show significant differences compared to the control population. This is 

surprising considering the previous demonstrations that there is no difference in musculature power 

between the groups, and that no patients had catastrophic injuries altering muscle or bone. 

However, there may be several possible explanations for these unexpected results.  

Firstly, muscle mass may be an attributing factor. This has been found to affect SLS when 

considering age, however, the two groups had no statistical differences present in age (Bohannon et 

al, 1985). It may therefore be the method used to record power that is problematic – in this case the 

Oxford scale. The use of a dynamometer may once again have proved to be more accurate. 

Additionally, Finlay et al (2010), demonstrated that although SLS is valid and reliable, when used 

in burns, additional variables such as impaired proprioceptive feedback can affect the results. 

Another possible reason could be the dynamic balance of the participants, as this has been shown to 

be significantly affected when dorsiflexion range of motion is impaired (Hoch et al., 2011). As a 

proportion of individual isolated foot burns have experienced some impingement of dorsal range of 

motion, this may be a reasonable explanation for the SLS scores. 

In both dorsum and ankle samples, significant results were found for SLS. The sole group however 

was an outlier here with no significant difference found in comparison to the controls. A potential 

explanation for this may lie in the relation of balance to each area of the foot. Debbi et al., (2012), 

has stated that the location of centre of pressure is critical for lower leg balance. To maintain the 

centre of pressure, the foot needs to remain firm, only deforming for propulsion (Briggs, 2005). As 

the foot is static in SLS, the main influence of the centre of pressure is through ankle dorsiflexion 

(Haim et al., 2010). This demonstrates the lack of necessity of sole movement to maintain balance 
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in the SLS test. Consideration should therefore be given to footwear worn by isolated foot burn 

patients due to their influence on balance and alterations of kinetic patterns (Debbi et al., 2012).  

The results showed the right leg SLS times to be significant whereas left leg SLS results were not. 

This is unusual given that right leg dominance makes up 86% of normal populations (Teo et al., 

2017). A possible explanation for this may be due to the dominant leg being used more for 

propulsion, leaving the non-dominant leg necessary for balance (Riskowski et al., 2012). It follows 

therefore, that non-dominant leg (likely to be left foot) balance results would be greater than 

dominant leg results (likely to be right foot). 

Timed get up and go and tandem walk results were significantly reduced in all anatomical areas 

affected by burns. Burns participants took on average 1.5–2 times longer to complete the tasks 

compared to controls. This may be due to alterations, proprioception and ROM compared to SLS, 

which has more of a power component. 

Comparison of the present study’s results with Finlay et al. (2010) (who also looked at lower limb 

burns in general), found there to be a marked difference with Finlay’s participants scoring better 

than the present study’s participants. Whilst this was seen through a crude observational analysis of 

the results, it would appear that isolated foot burns result in poorer functional outcomes than burns 

in other anatomical areas. This supports the notion that isolated foot burns require particular 

investigation due to their effects on patients. 

Sekir et al. (2006) demonstrated that not only is there degradation in muscle strength in foot and 

ankle injuries, but also reductions of proprioception, balance, and functional capacity. They also 

presented improvements in all areas with a 6-week isokinetic training exercise. Rehabilitation 

regimes with physiotherapists have been shown to demonstrate improvements in other lower limb 

injuries. It could be extrapolated that these improvements could yield similar improvements in 



 

 

269 

isolated foot injuries, and that it would be to the patients benefit for early physiotherapy 

involvement as a means to maintain and improve TUG, SLS, and TWT outcomes (Coulter et al., 

2013). 

 

8.1C.4 Timing 

The timing of the specialised tests were shown to be only significant for SLS left, whereby the >6 

months group performed almost twice as well as the <6 months group. The SLS Right results just 

fell outside of being significant (p= .055). This demonstrates an improvement over time in the 

patients’ ability to hold their balance and weight on one leg. This supports the findings of Judge et 

al. (1993), who found an improvement over the course of 6 months. A possible explanation for 

these findings may come from an increase in confidence and strength that is developed post-injury, 

as a result of rehabilitation. The differences seen in timings could also be used as a screening tool 

for outpatients, with these tests being used routinely to monitor the improvements in patient 

function.  

 

 

8.1C.5 Interventions 

Grafted patients had better results on average than conservatively managed isolated foot burns in 

power, range of motion, and special tests. However, only the tandem walk test showed a significant 

difference. If the diagnosis was correct at time of burn assessment, then only those with the 

potential to heal without scarring would have been treated for conservative management (Pape et 

al., 2012). Therefore, truly conservatively and appropriately managed burns should have healed 

with no scarring. If not, they should have been managed surgically. A traditional apprehension 
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regarding skin grafting was due to the idea of inferior functional outcomes and donor site formation 

(Edstrom et al., 1979). This has been proven not to be the case in isolated foot burns, with results 

being either the same if not better for grafting. The results in this study would lead to the 

recommendation for early active surgical intervention and physiotherapy, in deep burn wounds in 

isolated feet; an idea that has been shown in hand burns, but not previously in feet (Omar & Hassan, 

2011). Future prospective trials with similar depth burn wounds would be needed to ascertain the 

true impact of conservative management on outcomes. 

Major advances in the functional recovery following burn injury include the development of a 

conceptual framework for assessing disability and how it can be applied in burns recovery. Such a 

framework describes the long-term outcomes in those who have burn injuries and aids progression 

in research, which leads to the creation of new treatments which include long-term functional 

outcomes (Ryan, Parry and Richard, 2017). The specialised tests which demonstrated significance 

used in the current study can be instrumental in an outpatient clinic setting to perform screening 

examinations, from which treatment plans can be formulated. Future challenges and tasks include 

developing common standards and data elements for burn recovery to enable measurement and 

optimisation of the path towards functional recovery. As Van Baar (2006) stated, there is a lack of 

information to estimate the functional consequences of burns and recommended the development of 

tools for functional outcomes. With the primary null hypothesis rejected, differences for isolated 

feet burn patients and novel treatments can be explored. With the differences noted in functional 

range of motion, and the impact they have on the results of specialised tests, we have come some 

way to address this lack of knowledge. 
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8.1D) Gait 

8.1D.1 Temporospatial 

Comparing the burn and control samples for temporospatial analysis shows that in both groups 

there are significant results, with burns patients walking slower, taking shorter steps, and taking 

longer for each step. These results mean that the primary null hypothesis can be rejected.  

It is not surprising that not all of the results are significant as Rudolph et al. (1998) showed that 

patients with non-burn lower-limb injuries who could return to pre-injury activity levels without 

limitation (copers), had comparable walking speeds with those who could not cope. The only 

differences displayed were those in the kinetic data. In lower leg burn injuries in general, Silverberg 

et al. (2000) showed that there were temporospatial differences shown against the normal 

population even when adjusting for gender and age. Although this was not for feet specifically, it 

supports the information of the present study that burns can affect temporospatial outcomes. 

Ideally, pre-morbid states of the patient group would be used as a control group but as this is not 

possible, the next best case would be to use unilateral injuries looking at the affected legs. However, 

participants with affected legs may compensate to improve their gait pattern. This is shown by Zult 

et al. (2016), where dynamic balance and neuromuscular function was affected in non-injured legs. 

This would also preclude the use of patients with bilateral injuries. 

There was no statistical difference seen in time after injury with regards to temporospatial 

outcomes. Stretching and strengthening interventions have been shown to lead to improvements in 

temporospatial gait parameters (Thong-on et al., 2019). Considering interventions (such as grafting) 

showed no differences when compared with conservative management, it would be useful to see 
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what improvements that stretching and strengthening programmes would have in isolated foot 

burns. 

 

8.1D.2 Kinetic data 

Comparing the gait data for stance, demonstrated significant differences in left sagittal (100%), left 

transverse (100%), right sagittal (79%) and right transverse (100%). There are many factors that can 

affect dorsiflexion and plantarflexion (sagittal), such as age and gender. Nigg et al. (1994) 

demonstrated these differences, although they were small with only 3.2 to 6.5 degrees difference. 

Differences between the participant groups of the present study were proven to not be significantly 

different; therefore, the effects of age and gender will have been controlled for, thus providing more 

accurate results. 

In both the sagittal and transverse movements of the foot, burn patients have a similar pattern to that 

of the control population, suggesting that the gross movement of the foot is not dissimilar. 

However, by consistently sitting higher on the measure of degrees, it demonstrates that the burns 

population have a decrease in the ability to plantarflex and roll the foot in a transverse pattern when 

walking  This is a similar picture to what is shown by the physiotherapy measurements which 

showed no difference in dorsiflexion but reductions in plantarflexion, inversion and eversion. The 

most obvious explanation for this would be a restriction originating from the dorsum of the foot. As 

previously shown by the epidemiology results, 60% of isolated foot burns are sustained on the 

dorsum of the foot. Given these results, it can be seen that the most common cause of isolated foot 

burns may also cause the greatest reduction in function of the foot. It would therefore be important 

to implement these findings in future treatment plans for dorsum foot burns. As the timing results 

have shown, kinematic results are worse the longer they are recorded after initial burn injury. This 

along with the results of the intervention analysis - which showed grafted feet closer to normal 
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population results compared with conservative - would support the implementation of early surgical 

intervention and grafting of the dorsum of the feet.  

The skin of the foot varies in thickness depending on position. The sole of the foot, (in particular, 

the heel) has the thickest skin, whilst the dorsum of the foot has the thinnest (Lee and Hwang, 

2002). The skin on the sole has fibrosus septa which helps compartmentalise the fat so it can act as 

a cushion/shock absorber. Skin grafting will not replace this fatty layer and patients can complain 

about pain when mobilising as a result. With this in mind, the current kinematic data does not 

support intervention in sole burns. However, it should be noted that looking at results more closely 

such as right stance frontal results, the burn group average does not appear to show a difference 

when compared to the controls. Nevertheless, when the data is taken case-by-case, a large 

variability can be seen among patients. Ideally, they would be grouped into patients with similar 

injuries; however, due to the small numbers of participants this was not possible. This may then 

inform alteration in treatment regimes in other areas of the foot. 

As is known, a high proportion of burns patients in general develop a restriction in their range of 

motion (Van Bar et al, 2006). The apparent alterations in kinetics around the ankle found in the 

current study could be attributed to scar tissue, and contracture formation, thereby anchoring the 

foot in such a position where it would disturb the gait cycle. This has never been demonstrated 

before in the foot burns literature and this knowledge is important for future burns practice. 
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8.1D.3 Force plate 

In the 100 data points for the force plate data, it was found that large percentages of these stages 

were significant (p= <.05); the significant results were as follows – Right Medial-lateral (58% of 

stages), Right FP Vertical (56% of stages), and Right FP Anterior-Posterior (36% of stages). 

Force plate data demonstrated significant differences between the controls and burns patients. In the 

burns population, raised pressures were found in the midstance phase and lateral measurements. 

These differences correspond to the midfoot, and lateral movement of the foot. These findings 

correlate with hesitancy to transfer weight to the forefoot. Similar results have been seen in chronic 

ankle instability patients (Nyska et al., 2003). This pattern of gait has been attributed to different 

aetiologies such as ligament injuries, bone injuries, and muscle imbalance (Ty Hopkins et al., 

2012). The isolated foot burns patients that were tested had no past medical history of ankle 

injuries.  

The foot is a unique intricate arrangement of bones, ligaments, tendons, muscles and skin which, 

when they act together, drive the body forward, are important for proprioception and provide a 

stable base which aids in balance (Davis 2011). During ambulation the foot is central to diffusion of 

the power generated by the lower limb and the ground. The foot acts as a malleable, shock-

absorbing power which can deform to uneven ground and can become firm to act as a lever for 

propulsion (Dawe and Davis, 2011). 

Although the isolated foot patients did not have any reductions in their global strength, Becker et al. 

(1997) described reduced peroneal strength as a result of loss of proprioception post-trauma, which 

resulted in similar gait patterns to the present study’s. In isolated foot burns, patients’ force data 

improves over time. This could be due to increases in muscle strength as previously demonstrated 



 

 

275 

by Sekir et al. (2006), where it was found that 6 weeks’ worth of physiotherapy resulted in 

functional improvements.  

Other possible explanations in the context of isolated foot burns are either the patients’ 

unwillingness to use the forefoot (pain avoidance), or that they have an inability from scar 

contractures drawing up toes and limiting ROM.  

Where surgery is indicated, the results show that there should be no negative impact on the force of 

a patients’ gait. This demonstrates the effectiveness of grafting isolated foot burns, whereby the 

patients’ gait will be sustained, and their burn symptoms will be treated. 

The recognition that force pressures in gait will not be affected detrimentally by grafting, means 

that early surgical intervention (as supported previously) and physiotherapy can be advocated as a 

treatment regime. 
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8.2 Conclusions 

The aim of this study was to investigate for the first time, the epidemiology and impact of isolated 

foot burns on three outcomes - Quality of life, Lower-limb function, and Gait. There has been a 

notable lack of research conducted into the three aforementioned outcomes, with only 7 papers 

found to have any relevance. These papers however were scant of specific isolated foot burns cases, 

functional outcomes, gait analysis, and only reviewed small subsections of the population (such as 

diabetics). Therefore, demonstrating a large gap in the literature of isolated foot burns. What this 

study aimed to achieve was to improve the knowledge base for isolated foot burns, through creating 

a baseline for future interventions and in doing so potentially improve the treatment plans used by 

burns departments. The results of this study presented a number of key findings that could be taken 

forward into practice. To conclude this study, contributions to knowledge, limitations of 

methodology and recommendations for future research and practice are presented. 

 

8.2.1 Contributions to knowledge 

Feet are a unique area of the body which presents difficulties in management plans, therefore 

specific relevant research is necessary (Farage et al., 2010). This study provides a novel approach to 

isolated foot burns and helps create a new understanding of these types of injuries and their impact 

on patients’ lives. A clear lack of isolated foot burn literature had been identified, with hands and 

face being the primary focus of much of the burns literature (Bache, 2016; Redstone, 2011; 

Shakirov, 2011). By conducting the epidemiology study, a new outline of what exists in the isolated 

foot burns literature has been formed. This study consequently will become the largest in the known 

literature, covering 23 years and 536 patients. As a result of this, the epidemiology results showed 

for the first time the full demographic profile of patients sustaining these types of injuries in the 

UK.  
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Knowledge of localised incidence rates were discovered which will help provide an understanding 

for burn centres about what patients they are likely to receive in the UK; thus, being able to prepare 

for and prevent the most common aetiologies. The gender prevalence rates within the UK were 

discovered, finding that men are more likely to be burned than women. Furthermore, the incidence 

rates showed men most likely to get injured in the workplace, whereas women were most likely to 

be burned in the home. There were some unusual, but common, causes of burn injury being shown 

from hair straighteners, hobs, and motorbike exhausts. This knowledge helps to educate the 

localised population as to where they are most likely to face risks of being burned, and also aids the 

medical community by identifying where resources should be allocated in hospitals, and allowing a 

better understanding of what might be a non-accidental injury (Ahn, 2012; Jabir, 2013; Peck, 2002).  

 

Until now it was undocumented in isolated feet burns that there is a correlation in depth of burn and 

mechanism of injury. Contact burns in adults led to deeper injuries compared to that of children. 

With the knowledge that children experience more superficial contact burns, and are less likely to 

have complications, conservative management may be applied more frequently in children.   

 

When 337 burn surgeons were surveyed about mobilisation protocols, many different practices 

were demonstrated (Retrouevey et al., 2019). This study however has provided a further 

understanding by showing that there were no significant differences between how many 

complications occur and the average day of mobilisation. 

 

Conservative management was associated with a higher complication rate and time to heal, whereas 

skin graft and Biobrane use were found to improve healing times in patients. This information 

directs burns surgeons towards early surgical intervention.  
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The results of this study showed that feet burns do not follow the general trend of one day in 

hospital for each 1% increase in burn size. Isolated feet burns on average stayed for 4 to 6 days 

whereas other 1% burns were less than a day.  

 

Through the examination of functional and quality of life outcomes, it was found that across a 

number of measures isolated foot burns patients displayed worse results when compared to controls. 

In particular, mental health scores in patients post-burn changed over time, with a decrease just after 

burn, before the scores start to exceed the normal population at 6 months post-burn.  

 

New evidence about the effects that different interventions have on isolated foot burns was 

identified. Through analysing conservative management plans and the use of grafting, it was found 

that grafting is a superior method. In particular the patient related outcome measures of LEFS and 

FFI were significantly better in grafted individuals. Grafted patients also performed better in 

physiotherapy outcomes such as the Timed Up and Go test. 

 

Although there were no differences in power, there was an unexpected finding of a compensatory 

alteration within the range of motion of the hip and knee in burns patients. Range of motion in the 

ankle was reduced in all directions except for dorsiflexion. These findings have never been 

documented before in the burns literature. 

 

Through the burn distribution analysis, it was found for the first time that burns to the dorsum of the 

foot do not produce dorsiflexion deficits but affect plantarflexion, with scar formation being a likely 

cause of this finding.  
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This study also demonstrates the first use of specialist tests within the isolated foot burn literature. 

These were the SLS, Timed Up and Go test, and Tandem Walk. The results gained from these 

assessments all showed significant differences in the burns population when compared with 

controls.  

 

When analysing gait, significant evidence was found in the temporospatial, kinetic, and force plate 

data; suggesting slower gait with shorter steps taken, a reduction in ability to plantarflex, and 

displacement of weight to the mid and lateral foot. Gait pattern improvements were found in the 

grafted patients, with results that were closer to that of the control population, compared to the 

conservatively managed group. 

 

8.2.2 Limitations 

The largest methodological limitation that occurred during this study was that of the sample size. 

With 16 burns participants and 30 controls, there were multiple analyses that would have been 

beneficial to conduct but could not be due to the lack of participants. Is most notable when 

analysing the individual isolated areas of foot burns. The implications of such a sample size also 

meant that only large differences in the data could be seen, as demonstrated through a G*Power 

analysis. The issue of sample size was foreseen during recruitment; thus, some methods were used 

to try to improve the response rates. One such example is that of paying for the transportation of 

patients, so that some of the financial implications for the patients could be alleviated (Abshire et 

al., 2017). However, even with this in place, potential participants also had issues with how long it 

would take to travel, and the time taken to participate, and therefore declined involvement. In future 

research, it may be beneficial to make sure that testing facilities are all situated in the same location, 



 

 

280 

and that participants may be given appropriate incentives to return for the longitudinal aspects of 

the study. 

Along with difficulties maintaining participant involvement, issues with the actual population 

numbers of potential participants were also present. As shown in the epidemiology chapter, this was 

due to the lack of isolated feet burns being admitted to hospital, with only 22 patients per year. 

Furthermore, the participants that could be recruited were primarily children (61%). Given that age 

has been proven to alter gait, this could have affected the data, especially when considering the 

‘timing post-burn’ analysis (Nigg et al., 1994). Furthermore, using children as participants produces 

many ethical and legal problems, including that of competence and consent ("Research involving 

children", 2019), and therefore only an adult population was recruited for the functional outcomes. 

Inclusion of how burns influence gait pattern development within children would be interesting. 

Since this is the only study to look at this so far, evidence was needed to highlight the need for 

study and baselines before research into children would be allowed. 

By using a 23-year period of medical records to recruit participants, it was found that several 

potential participants had passed away, or their contact details were no longer valid, which also 

reduced the number of actual participants available to partake. This is an example where a larger 

research time period, with participants being continuously introduced to the study, would help. 

 

The use of the self-reported questionnaires (FFI, LEFS, and SF36) may have introduced a response 

bias, whereby participants may have tried to guess the purpose of the study and altered their 

answers in an effort to fit a more preferential narrative for the researcher (Van de Mortel, 2008). 

This may have happened as a result of the participants believing that they may receive improved 

care (should they require more treatment). One method that could alleviate this is the use of a third-
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party, so that the person that is asking the questions is not related to the hospital, researcher, or the 

study. 

 

The burns department that was involved in the study may have influenced which participants were 

available to the researcher. Since it is a tertiary centre, the patients that would be admitted to the 

hospital are more likely to have larger and more serious burns. This may have skewed the available 

participants towards individuals who would show greater effects on the functional and quality of 

life measures. A geographical bias may also have changed the demographics of participants that 

were available. As seen throughout the epidemiology chapter, there is differing prevalence of burns 

depending on where in the world the research occurs (Sinha et al., 2006). Whilst this means that 

more localised understandings of burns are important, it may also be beneficial in future research to 

complete an international multi-centre study, to reduce the geographical influence, and therefore 

develop a more global view of isolated feet burns. 

 

Whilst introducing a more global understanding of isolated foot burns is important, the replicability 

of this study may prove difficult. The method of analysis for kinematics involved the placement of 

markers along the legs of the participants, and the power assessment used the Oxford scale. Both 

measures could be heavily influenced by the researcher conducting the tests. It would therefore be 

beneficial in future research to use standardised gait models, for where the markers should be 

placed, and for standardised equipment (such as a dynamometer) to be used instead for power 

analysis (Camomilla et al., 2017). These changes would potentially reduce the equipment and 

researcher bias, and would allow for a study that can be repeated reliably.  
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Some language issues may have been present in the research methods. During one of the questions, 

a colloquial term of ‘full of pep’ was used. This may be a term which some participants may not 

have fully understood. As the questionnaire was already standardised for the English language, it 

could not be doctored to improve clarity. Additionally, during the gait analysis, the instructions and 

explanations required complex vocabulary which may have proved difficult for those individuals 

with only a basic understanding of English. The use of interpreters, and visual guides may have 

helped reduce any potential communication issues.  

 

Although a pre-assessment was used to screen patients for medical issues that may affect gait, such 

as diabetes, vision loss was not considered. As Hallemans et al., (2010) demonstrated that not only 

visual acuity vital in gait, but also peripheral vision. With deficits in either producing a slower and 

altered gait pattern. It may be useful in future studies to take account of this by asking whether 

participants have had a recent eye examination. 

 

The common geographical origins of the participants used in the study may have resulted in issues 

with the data as well. This may be caused by differing sets of gait patterns based on region, as well 

as regional treatment plans (Woo et al., 2014). As all the participants came through the same 

treatment centres, it can be assumed that they all experienced similar treatment. Individuals that 

receive treatment at different burns centres would potentially end up with differing results and 

therefore a different set of data. 

 

One consideration that must be made when considering gait patterns in individuals that have 

required a skin graft intervention, is the location of the donor site. The thigh is a common area in 

which to take a graft from, but the resulting wound from this donor site may affect an individual’s 
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ability to walk in their normal manner (Demirtas et al., 2010). This factor must be taken into 

consideration, and the use of different donor sites should be explored. 

 

The variation in recruitment of timing in patients post burn, with interventions such as 

physiotherapy and scar massage may have influenced the data (Ebid et al., 2012). This may be due 

to the alleviation of certain physical ailments that would have normally affected the gait data. 

Timing was investigated and found to be a significant influence. However, due to the limited 

sample size, the variable of recent treatment could not be accounted for. Furthermore, the stability 

of the treatment effects over a long-term basis would be an important piece of information to gather; 

however, the recruitment period and follow-up time would have not been possible in the present 

study’s time frame. In addition to the long-term basis analysis, it would be beneficial for the QoL 

questionnaires to be administered over a long time period (Yohannen et al., 2012). This would 

allow for a more holistic view of the immediate and delayed results of treatments. 

 

8.2.3 Recommendations 

The key findings of this study present the following recommendations to be made in future research 

and practice: 

 

- An international and longer time period of examination to develop a fuller global picture of 

the isolated feet burns  

- The use of dynamometers to more accurately measure power in future research 

- Recording of dominant legs in all participants should be taken 

- Referrals, grafting, and mobilisation to be conducted as soon as possible in order to prevent 

complications 
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- A combination of physiotherapy and psychological support to be given during hospital stay, 

and also to be provided routinely post-discharge 

 

8.2.4 Key points 

The sparsity of literature on isolated foot burns demonstrated a lack of knowledge of their impact on 

patients’ lives. To demonstrate this, the thesis has had one clear message of “What is the effect of 

isolated foot burns on gait, lower limb function and quality of life?”. Two null hypotheses were 

written, and the dissertation structured around them to enable the questions to be answered. 

Primary Hypothesis 

The null hypothesis is that there is no difference in outcome measures between the patients and 

controls. 

Secondary Hypothesis 

The null hypothesis is that interventions of grafting versus conservative management in burns 

patients, results in no significant differences in outcome measures. 

As demonstrated by the significant findings of this thesis, both null hypotheses have had to be 

rejected. It has been found through the 3 modalities, (1) Questionnaires, (2) Physiotherapy, and (3) 

Gait, that isolated foot burns do affect patients. They have restrictions in ADLs, ROM is impaired, 

and the way they move is significantly transformed. It has been demonstrated that there are 

significant differences between graft and conservative management, with grafted patients exhibiting 

superior results. 
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For the first time the impact of isolated foot burns on patients’ quality of life has been 

demonstrated. Until now their priority in the reconstructive importance has been low. From this 

study, a baseline for future studies and intervention measures can be established. This will enable 

treatment strategies to be devised to focus on not only wound closure but also improving patient 

quality of life. 
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Appendix A 

Isolated foot burn data collection proforma 

Name: _____________________ 

Hosp No: __________________ Date of Birth: ___/___/______ Age: _____ 

Male / Female 

Comorbidities: IDDM NIDDM IHD  PVD Peripheral neuropathy Other 

_____________________ Smoker Immunosuppressed 

Date of burn: ___/___/______ 

Date of first presentation: ___/___/______ 

Occupation: - 

Aetiology: 

 Scald  Flame  Contact Chemical ________ 

 Electrical   Friction 

Place: 

 Home  Work  Other ______________ 

Site: 
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 Left 

Sole% 

Left Dorsum% L Ankle 

% 

Right 

Sole% 

Right 

Dorsum% 

R Ankle 

% 

SPT       

Dermal       

Full Thickness       

Depth Mixed        

 

Other ___________ 

Total Size: _____ % 

 

Management: 

 Inpatient Duration of stay: ______ days  Outpatient 

 Surgical     Conservative 

 Scrub & dressings    Dressing (state) _____________ 

 Tangential excision    Elevation (duration) __________ 

 Allograft     SSG 

 FTSG      Local flap 
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Locoregional /pedicled flap   Free flap 

 

Amputation (type ____________) Number of operations 

 

Prophylactic Antibiotics: 

 Yes  No  If Yes, name of ABx and duration: _____________________ 

Microbiology admission swabs: ________________________ 

Complications: 

 Infection organism: ______________ Antibiotic:_______________ 

 Graft loss/failure Complete Partial ____ % 

 Hypertrophic scarring 

 Amputation 

 Other ___________ 

 

Follow-up: 

Duration of follow-up: ________________ 
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Appendix B 

 

Lower extremity functional scale (LEFS) 

 

 

Lower Extremity Functional Scale (LEFS)  

 

 Page 2  

Instructions 

We are interested in knowing whether you are having any difficulty at all with the activities listed below 

because of your lower limb problem for which you are currently seeking attention. Please provide an 

answer for each activity. 

Today, do you or would you have any difficulty at all with: 

Activities 

Extreme 
difficulty 
or unable 
to perform 

activity 

Quite a bit 
of 

difficulty 
Moderate 
difficulty 

A little bit 
of 

difficulty 
No 

difficulty 

1.  Any of your usual work, 
housework  or school activities. 

0 1 2 3 4 

2.  Your usual hobbies, recreational 
or  sporting activities. 

0 1 2 3 4 

3.  Getting into or out of the bath. 0 1 2 3 4 

4.  Walking between rooms. 0 1 2 3 4 

5.  Putting on your shoes or socks. 0 1 2 3 4 

6.  Squatting. 0 1 2 3 4 

7.  Lifting an object, like a bag of 
 groceries from the floor. 

0 1 2 3 4 

8.  Performing light activities 
around  your home. 

0 1 2 3 4 

9.  Performing heavy activities 
around  your home. 

0 1 2 3 4 

10. Getting into or out of a car. 0 1 2 3 4 

11. Walking 2 blocks. 0 1 2 3 4 

12. Walking a mile. 0 1 2 3 4 

13. Going up or down 10 stairs 
(about  1 flight of stairs). 

0 1 2 3 4 

14. Standing for 1 hour. 0 1 2 3 4 

15. Sitting for 1 hour. 0 1 2 3 4 

16. Running on even ground. 0 1 2 3 4 

17. Running on uneven ground. 0 1 2 3 4 

18. Making sharp turns while running 
 fast. 

0 1 2 3 4 

19. Hopping. 0 1 2 3 4 

20. Rolling over in bed. 0 1 2 3 4 

  Column Totals: 0 1 2 3 4 
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Appendix C 

Foot function index 
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Appendix D 

SF36 

 

SF-36 QUESTIONNAIRE
( 1992 -- Medical Outcomes Trust)

Patient Name: ______________________________                Date: _____________________

1.  In general, would you say your health is: (circle one)

Excellent   Very good    Good          Fair       Poor

2.  Compared to one year ago, how would you rate your health in general now? (circle one)

Much better now than one year ago.

Somewhat better now than one year ago.

About the same as one year ago.

Somewhat worse than one year ago.

Much worse than one year ago.

3.  The following items are about activities you might do during a typical day.  Does your health

      now limit you in these activities?  If so, how much? (Mark each answer with an X)

           ACTIVITIES

Yes,

Limited

A Lot

Yes,

Limited

A Little

No, Not

Limited

At All

a. Vigorous activities, such as running, lifting heavy objects, participating in

     strenuous sports

b. Moderate activities, such as moving a table, pushing a vacuum cleaner,

    bowling, or playing golf

c. Lifting or carrying groceries

d. Climbing several flights of stairs

e. Climbing one flight of stairs

f. Bending, kneeling or stooping

g. Walking more than a mile

h. Walking several blocks

i. Walking one block

j. Bathing or dressing yourself
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