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ABSTRACT
Limb loss is a physically and psychologically life-changing event. Amputation and
prosthetics use does not only affect an individual’s physical abilities, it also signifies
life-long social, psychological, economic and environmental change (Peirano & Franz,
2012). Therefore, this retrospective study aims to identify differences among individuals
with upper limb loss within the social determinants of health. Following Andersen’s
Model for Health Care Utilization, this study employs descriptive analyses to examine
data on the social determinants of health for 229 clients from the Atlantic Clinic for
Upper Limb Prosthetics. Additionally, this study identifies differences between active
clients and inactive clients who were lost to follow-up in prosthetic care. Gender,
biology and genetics, healthy child development, physical environments, income and
social status, and health services are found to be related to differences among clients of
the clinic. Moreover, active clients and those lost to follow-up in prosthetic care show
differences based on biology and genetics, healthy child development, physical
environments and health services. Further understanding of individual characteristics
and the social determinants of health could aid in optimizing clinical practices, guiding
interdisciplinary care approaches and preventing clients from abandoning prosthetic care
or from being lost to follow-up.
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Introduction
Purpose of the Study
This study examines demographic, limb loss and visit history data of clients of
the Atlantic Clinic for Upper Limb Prosthetics (ACULP). This research is retrospective
in nature as the data examined dates back to 1981. A range of factors are considered,
including the type of limb loss (i.e. congenital and acquired) associated with individuals’
use of prosthetics, as well as the associations with the determinants of health (e.g.,
gender, biology, income and social status). Characteristics of clients who were lost to
follow-up in prosthetic care by the clinic are also investigated.
The purpose of this study is to determine differences among individuals with
upper limb loss and their association with the social determinants of health. Currently,
much of the research in the field of prosthetics and rehabilitation has focused on the
individual’s physical impairments and limitations (Ephraim, MacKenzie, Wegener,
Dillingham, & Pezzin, 2006; Resnik & Borgia, 2016) and technical aspects of devices
(Biddiss, Beaton & Chau, 2007; Daley, Englehart, Hargrove & Kuruganti, 2012). And
although some of the social determinants of health have been examined in relation to
prosthetic use (Biddiss & Chau, 2007c), it has not been done in a systematic way or with
the use of a framework, which this study will provide. The theoretical framework
guiding analyses is Andersen’s Model of Health Care Utilization, which proposes that
there are 1) predisposing, 2) enabling/impeding and 3) need factors to the use of health
services. In this study, the social determinants of health are divided into these three types
of factors in order to identify any consistent elements among clients who are lost to
follow-up in prosthetic care.
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The present research also provides insights into a specific cohort: Atlantic
Canadian children and adults with upper limb loss that are or have been clients of the
Atlantic Clinic for Upper Limb Prosthetics. Moreover, as requested by professionals
working at the ACULP, the researcher identified possible elements, based on the social
determinants of health, missing from the current database and made suggestions for
future data collection.
Clinic Profile
The Atlantic Clinic for Upper Limb Prosthetics is a prosthetic fitting centre for
children and adults with a variety of upper limb deficiencies, from partial hand
amputations to complete or multiple limb deficiencies. The clinic, run jointly by the
Institute of Biomedical Engineering (IBME) at the University of New Brunswick and
the Stan Cassidy Centre for Rehabilitation (SCCR), offers a multi-disciplinary team
approach to prosthetic fitting. It is located in Fredericton, New Brunswick and the
majority of its clients reside in Atlantic Canada, although some clients travel over 5,000
km to receive prosthetic care at the clinic. Established in 1981, the clinic has provided
care to some of its clients for over 30 years. Clients are typically referred to the clinic by
their family physicians.
The Atlantic Clinic for Upper Limb Prosthetics specializes in myoelectric
prostheses, yet offers other types of prosthetic devices as well, such as body-powered,
passive, recreational or custom devices. The type of prosthesis fitted depends on the
desire of the client and their lifestyle. Moreover, the client’s funding may impact the
type of prosthesis fitted. The IBME is not able to provide funding to clients, although
staff members at the clinic can guide clients through the different funding methods and
agencies.
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Research Question
1. Are there differences among clients of the Atlantic Clinic for Upper Limb
Prosthetics?
a. Are these differences associated with the social determinants of health?
b. Are there differences between congenital and acquired upper limb
amputees?
2. Are there differences between active clients of the clinic and inactive clients lost
to follow-up in prosthetic care?
a. Are these differences associated with the social determinants of health?
b. Are there differences between those who only attend the clinic for their
initial visits and never return versus those who return to the clinic for
consistent prosthetic care?
Hypotheses
1. There are differences among clients of the Atlantic Clinic for Upper Limb
Prosthetics.
a. Gender, biology and genetics, healthy child development, physical
environment, income and social status, and health services are associated
with differences among clients of the clinic.
b. Congenital and acquired limb amputees demonstrate differences
associated with the social determinants of health.
2. There are differences between active clients of the clinic and clients who are lost
to follow-up in prosthetic care at the Atlantic Clinic for Upper Limb Prosthetics.
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a. These differences are associated with gender, biology and genetics,
healthy child development, physical environment, income and social
status, and health services.
b. There are differences between those who only attend the clinic for their
initial visits and never return versus those who return to the clinic for
consistent prosthetic care.
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Literature Review
Limb loss is a physically and psychologically life-changing event. Amputation
can greatly affect a person’s life as it often involves loss of function, loss of sensation,
and altered body image (Ghous et al., 2015). Amputation does not only affect a person
physically, it also affects social, psychological, economic and environmental aspects of
one’s life (Peirano & Franz, 2012; Yilmaz et al., 2016). Alternatively, congenital (i.e.
limb deficiency present at birth) amputees may experience limb deficiencies differently
than acquired amputees (i.e. limb loss due to trauma or disease). This literature review
focuses on the anatomy of the upper limb, types of amputees (i.e., congenital and
acquired), upper limb amputation, types of upper limb prostheses, the rehabilitation
process and the roles of rehabilitation clinics, and information on funding sources. The
social determinants of health are also reviewed in relation to individuals with upper limb
loss and prosthetic use. Finally, abandonment and acceptance of a prosthesis are defined,
and the circumstances related to clients lost to follow-up are discussed.
Anatomy Defined: The Upper Limb
Human arms and hands are not only used for the majority of activities of daily
living, they are also important in social interactions such as communication and physical
expressions of affection (Saradjian, Thompson & Datta, 2008). Therefore, an
understanding of the basic anatomy of the upper limb is important in order to recognize
the unique psychological and physical rehabilitation needs of patients with upper-limb
amputations. The upper limbs consist of 32 bones each (64 total), divided into four main
segments: the pectoral girdle, the arm (brachium), the forearm (antebrachium) and the
hand. The pectoral girdle, consisting of the clavicle (collarbone) and the scapula
(shoulder blades), is the point of attachment of the upper limbs to the axial skeleton. The
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longest bone of the upper limb is the humerus and is the only bone of the arm which
extends from the shoulder to the elbow. It articulates proximally with the scapula at the
glenoid fossa. The forearm extends from the elbow to the wrist and consists of the ulna
(medial side of the forearm) and the radius (lateral side of the forearm) which both
articulate with the humerus, with the carpal bones, and with each other. The hand
segment of the upper limb includes the bones of the carpus (wrist), the metacarpus
(palm) and the phalanges (digits).
Upper Limb Amputation
Amputation is the surgical removal of a part or all of a limb to alleviate
congenital or acquired ailments. Upper limb amputations involve the complete or partial
removal of the shoulder, upper arm, forearm, wrist, hand or fingers. Upper limb
amputations can affect individuals of all ages and although less common than lower limb
amputations, they are often more debilitating due to the fine motor tasks carried out by
the hand and arm (Jain & Robinson, 2008). The level of amputation greatly determines
the impact on the quality of life of the individual and their ability to perform activities of
daily living.
Levels of upper limb amputations. Different levels of amputation of the upper
limb are depicted in Figure 1. Transphalangeal (partial hand) amputation involves the
thumb or one or several fingers. Transcarpal involves amputation of the fingers and part
of the hand below the wrist. Wrist Disarticulation refers to when the entire hand is
amputated at the wrist. Transradial (below elbow) is an amputation in the forearm
(between the elbow and the wrist), Elbow Disarticulation refers to an amputation at the
elbow, and Transhumeral (above elbow) is an amputation in the upper arm (between
elbow and shoulder). Shoulder Disarticulation refers to amputation at the shoulder and
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does not include the shoulder blade (collar bone may or may not be removed). Finally,
Forequarter amputation refers to amputation of the shoulder, where the shoulder blade
and collar bone are also removed (Capital Health; Comprehensive Prosthetics and
Orthotics [CPOUSA]).

Figure 1. Levels of upper limb amputation. Reprinted from Prosthetics, by
Comprehensive Prosthetics & Orthotics, n.d. Retrieved January, 2017, from
http://www.cpousa.com/prosthetics/upper-extremity. Copyright 2017 by
CPOUSA.COM.
Incidence, causes and rates. It is estimated that upper limb amputations account
for 3-15% of all amputations (Smith, Michael & Bowker, 2004). Determining the
incidence of upper-limb amputations is difficult (Jones & Davidson, 1996), as reporting
is not mandatory in many jurisdictions and often all types of amputations are grouped
together. In 1980, data was obtained from 45 clinics throughout Canada and the United
States to determine the frequency of limb deficiencies of children from birth to 12 years
(Krebs & Fishman, 1984). Of the 4,105 cases, 67% were congenital and 33% were
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acquired and 80% of children had unilateral limb loss. Overall, upper limbs were
involved in 62% of cases. Similarly, a survey conducted by the Ontario Ministry of
Health (1969-1971) found that 67% of congenital amputations were upper-limb as
reported by McDonnell, Scott and McKay (1988). In congenital cases, upper-limb
deficiencies are more common than lower-limb. The opposite trend is observed for
acquired amputations, where lower-limb deficiencies are more common overall,
although traumatic limb-loss most often involves the upper limbs. Table 1 shows the
rates of each level of upper limb amputation as reported by Jain and Robinson (2008)
and Watve and colleagues (2010).
Table 1
Rates of Upper Limb Amputation by Level
Level of amputation

Jain and Robinson (2008)

Watve et. al (2010)

Transphalangeal

22%

27%

Transcarpal

19%

14%

Wrist disarticulation

2%

1%

Transradial

19%

18%

Elbow disarticulation

0.3%

1%

Transhumeral

28%

25%

Shoulder disarticulation

5%

Not reported

Forequarter

2%

4%

Double upper amputation

Not reported

4%

Other

2.7%

6%

The causes of upper limb amputations vary and include surgical removal for
traumatic reasons (accidents; 43%) and malignant (cancer; 14%), or heredity and
congenital (conditions at birth; 18%) absence (Capital Health; Jain & Robinson, 2008;
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The National Amputee Statistical Database Annual Reports, 2004). Although upper limb
amputations can affect people of all ages, the causes can be correlated by age range
(Davis, Kelly, & Spires, 2013). The most common cause of upper limb amputation in 015 year olds is congenital absence, while trauma is the most common cause in 15-45
year olds. Overall, individuals 65 years and under account for 70% of upper limb
amputations (National Centre for Health Statistics [NCHS], 1990).
Congenital limb deficiencies. Unlike acquired limb differences, where complete
or partial loss of the limb occurs due to trauma or disease sometime during the course of
one’s life, congenital upper limb differences are present at birth (Murray, KelleySoderholm & Murray, 2007). Kelly and colleagues (2009) reported that 26/100,000
newborns had a congenital limb absence and that two thirds of these were of the upper
extremities. It is estimated that 20% of congenital limb absences are caused by genetic
mutations, 10% by prenatal environmental exposures and the remaining 70% by
unknown causes (Poole, Nelson, Misicus, Spires, & Kelly, 2013). The literature suggests
that children born with a limb deficiency do not feel a sense of loss, as they have never
known the missing body part. Unlike children with acquired limb loss, they do not have
to adapt or readapt (Quintero-Pringent, Clavier & Martinot-Lagarde, 2016). Infants and
toddlers with congenital limb deficiencies naturally try to do what all children do, like
crawl, reach, etc. and though their limb difference may impose physical challenges,
children figure out other ways to accomplish the task (Pool et al., 2013). However, as
children with upper limb deficiencies get older, they may begin to feel different from
other children. Therefore, children and adults with congenital upper limb deficiencies
often experience physical, psychological and social aspects of their limb deficiency
differently than those with an acquired limb deficiency. For example, while acquired
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limb amputees use a prosthetic device as a replacement for their lost limb, congenital
amputees see their prosthesis as a tool to increase the function of their partial limb
(Kelly, 2013).
Types of Upper Limb Prostheses
The goal of the prosthetic device is to restore as much appearance and function
as possible (Weir, 2003). Although prosthetic devices will vary depending on the level
of amputation and the specific demands and preferences of clients, upper limb
prostheses can be classified into two main categories: passive and active prostheses.
Passive prostheses are non-functional and generally worn for cosmetic or recreational
purposes (adaptive or recreational prostheses), while active prostheses are functional and
can be further categorized into body-powered, myoelectric and hybrid (combination of
body-powered and myoelectric systems) prostheses. Moreover, these categories may
overlap, therefore it is not unusual for an amputee to have a prosthetic device which falls
into more than one category (Watve et al., 2010). Depending on the demands and
funding of the client, the Atlantic Clinic for Upper Limb Prosthetics can fit for all types
of prosthetic devices and can fit an individual for multiple devices utilized for specific
needs.
Passive prostheses. Passive or cosmetic prostheses mainly provide a visually
aesthetic substitute for the missing limb without providing any significant additional
functionality (Cordella et al., 2016). However, a passive prosthesis may be used by an
amputee to assist the sound arm in carrying out certain tasks (O’Keeffe, 2011), such as
pushing a door, holding objects against another surface or acting as a handle for bags
with straps (Davis, et al., 2013; Watve et al., 2010). Passive prostheses range from
simple devices to very close replicas of the missing limb, which are personalized by
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adding characteristics such as wrinkles and knuckles, as well as matching the device to
the client’s skin tone (O’Keeffe, 2011). Basic passive prostheses are generally more
lightweight than other types of prostheses, although the more customized devices can
limit range of motion and be very costly (Davis et al., 2013).
Custom prostheses. Custom adaptive/recreational prostheses are a type of
passive prosthesis. Generally, recreational upper limb prostheses are simple devices and
involve the temporary replacement of terminal devices by a piece of equipment
constructed specifically for the activity in question. These devices make it possible for
the user to grip handles or balls involved in specific sports, or even to play certain
musical instruments (Davis, et al., 2013).
Body-powered prostheses. Body-powered prosthetic devices are operated
through cables and harnesses fastened to the portions of the user’s body (e.g. shoulder or
upper torso) where natural movements remain intact (Davis, et al., 2013). These body
movements pull the cable systems to open the terminal device (artificial hand, prehensor
or hook). Some clients may request multiple interchangeable terminal devices for
different uses (Watve et al. 2010). For example, a hand may be used in social settings
while a hook is used to execute manual tasks (Davis et al., 2013). Body-powered
prostheses are generally of moderate cost and weight, but require the greatest energy
expenditure on behalf of the user and are usually less aesthetically pleasing than other
types of prostheses (Cordella et al., 2016).
Externally-powered prostheses. Instead of using body power, terminal devices
of externally powered prostheses open and close using an external power source.
Although there is more than one type of externally powered prosthesis (e.g. harness
switch control, servo control), myoelectric prostheses are the most common (Davis, et
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al., 2013). These prosthetic devices are operated by the electromyographic (EMG)
signals of the user’s residual limb muscles (Cordella et al. 2016). Most users find that
this type of prosthesis provides greater strength and a better range of motion, while also
offering a more pleasant cosmetic appearance (Davis, et al., 2013). However,
myoelectric devices are often heavier and more expensive than other types of prostheses.
They also require costlier maintenance and are therefore better suited for individuals
who can keep up with the demands of the device and the possibility of expensive repair
costs (Davis, et al., 2013).
Prosthetic Rehabilitation for Upper Limb Amputees
Given the physical, social, and psychological implications of an upper limb
amputation, the rehabilitation process requires a multidimensional and interdisciplinary
approach (Edeer & Martin, 2011). Important components of successful prosthetic
rehabilitation and acceptance of the device include prosthetic training, early fitting and
functional training, an experienced team, and patient education (Atkins, 2002; Gaine,
Smart & Bransby-Zachary, 1997). Prosthetic training increases the likelihood of longterm and full-time use of the upper limb prosthesis. Moreover, amputees who are fitted
for their prosthesis and receive training within 30 days of their amputation have been
shown to have better rehabilitation success, return to work sooner and have less pain
related to the amputation (Malone et al., 1984; Resnik et al. 2012). Therefore, the
literature suggests that the immediate involvement of a skilled interdisciplinary team of
health professionals is key to assist in the acceptance of the prosthetic device and to
minimize the level of disability (Davidson, 2004).
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Acceptance, Abandonment and Loss to Follow-up
Although many advances have been made in the area of upper limb prosthetics
and a wide variety of prosthetic choices are available, many individuals still choose not
to use a prosthetic device. The literature reports varied rates of prosthetic rejection
ranging from 3% to almost 70%, although most studies report rates closer to 50%
(Biddiss & Chau, 2007b, Østlie et al., 2012; Sturup et al., Wright et al., 1995). An
individual may initially choose to forgo the use of a prosthesis for lifestyle reasons (e.g.
personal needs or values; Wright, Hagen & Wood, 1995), medical conditions or factors
related to cost, availability and insurance coverage (Biddiss & Chau, 2007b).
Conversely to initially declining a device, abandonment of a prosthesis is defined by
receiving a prosthetic device but not maintaining its use (Gailey et al., 2010). In this
case, individuals are fitted for an upper-limb prosthesis and abandon use of the device
later for several reasons; pain, discomfort and lack of function being the most common
(McFarland, Winkler, Heinemann, Jones, & Esquenazi, 2010). Biddiss and Chau
(2007b) also found that prosthetic rejection rates were higher when the support of a
health care team was not available. It is estimated that one in five individuals with an
upper limb deficiency do not use a prosthetic device (Biddiss & Chau, 2007b).
Moreover, upper-limb amputees are more likely to abandon prosthetic care than lowerlimb amputees, for which an estimated 11% abandon their prosthetic device (Gailey et
al., 2010).
Some clients of the Atlantic Clinic for Upper Limb Prosthetics have been fitted
for a prosthetic device then decided to go without, others have utilized the device and
later decided to abandon it, and others had an unknown outcome because they were lost
to follow-up by the clinic. These inactive clients could have decided to forgo prosthetic
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care, abandoned the use of their device or simply moved away or sought care elsewhere.
It is difficult to identify the exact reasons why this latter group was lost to follow-up,
although examining their social and individual factors might identify commonalities
among them.
Social Determinants of Health
Canada has made progress in acknowledging that its “medical model” approach
to health is failing its citizens. It is recognized that health is much more than the absence
of illness; rather it is the combination of psychological, social and environmental health
factors (World Health Organization [WHO], 2014). Therefore, addressing the social
determinants of health is increasingly considered to be an essential component in
improving one’s overall health. Given the impact of upper-limb loss on not only one’s
physical health, but also its social, economic, psychological and environmental
implications, it is crucial to consider how the social determinants of health might
contribute to successful prosthetics use in upper-limb amputees.
In 2011, the Public Health Agency of Canada (PHAC; 2011) proposed the twelve
determinants of health listed in Table 2.
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Table 2
Social Determinants of Health
Social Determinants of Health
1. Gender *

7. Social Support Networks

2. Biology and Genetics *

8. Education and Literacy

3. Healthy Child Development *

9. Employment and Working Conditions

4. Physical Environment *

10. Social Environment

5. Income and Social Status *

11. Personal Health Practices and Coping Skills

6. Health Services *

12. Culture

Note. * indicates the social determinants of health examined in this study.
The social determinants of health guide the current investigation into the social,
financial, psychological, physical and environmental implications of upper limb
prosthetics. The following sections define each social determinant of health and provide
background on the available literature in relation to upper limb amputations and
prosthetics use. It is important to note that data from the Atlantic Clinic for Upper Limb
Prosthetics is restricted to no more than what is required for the prosthetic care of
clients; consequently the current research is limited in terms of which determinants of
health can be examined. Therefore, based on both the current literature and the data
available at the Atlantic Clinic for Upper Limb Prosthetics, the following determinants
of health will be assessed in their relevance to the proposed study and will be examined
more extensively: gender, biology and genetics, healthy child development, physical
environment, income and social status, and health services.
Gender. Gender is an important determinant of health, as females and males
often experience social, economic and environmental factors in different ways (World
Health Organization [WHO] & Calouste Gulbenkian Foundation [CGF], 2014). Overall,
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male and female rates of congenital and malignant limb absences are similar (Atkins,
Heard & Donovan, 1996), while incidence rates of traumatic upper-limb amputations in
men highly surpass those of women as the literature suggests that males are at higher
risk of traumatic limb loss (Dillingham, Pezzin & MacKenzie, 2002; Ziegler-Graham,
MacKenzie, Ephraim, Travison & Brookmeyer, 2008). Biddiss and Chau (2007a)
examined factors associated with prosthetic use and found that females were more likely
to reject a prosthesis than males. Moreover, they found that women were more likely
than men to accept a prosthesis when the limb deficiency was congenital, rather than
acquired. The opposite trend was observed in men, who were more likely to accept a
prosthesis for acquired limb loss (Biddiss & Chaud, 2007a). Gender has also been
associated with the phenomenon of phantom limb pain. A study in the Netherlands
(Bosman & Geertzen, 2007), found that females were more likely to experience
phantom limb pain than men.
Biology and genetics. The basic biology of an individual’s body is an important
determinant of health. The biology of an individual determines if they are born with or
without a limb. Therefore, biology and genetics are fundamental determinants of
congenital limb deficiency. It is important to keep up with the physical demands of
children with congenital or acquired limb deficiency as the residual limb will continue to
grow as they age, therefore their prosthetic devices will likely need to be adjusted and
replaced more often than older individuals (Poole et al., 2013).
The age of an individual is also a component of biology and is associated with
the use of prosthetic devices and the type of devices chosen (Burger & Marinček, 1994).
As amputees age physiological changes (e.g. muscle strength decreases, neurological
changes, etc.) must be considered in prosthetic decisions (Kelly, 2013). Burger and
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Marinček (1994) found that younger individuals at the time of amputation used an active
prosthesis for longer periods of time, while passive prostheses were used by older
individuals. Moreover, Wright and colleagues (1995) found that individuals older than
30 years at the time of their amputation were more likely to experience phantom limb
pain.
Healthy child development. Healthy child development has immediate and long
term impacts on an individual’s health (Mikkonen & Raphael, 2010). For congenital
amputees, it is important to offer timely and appropriate prosthetic care to the child and
family. For children or adolescents, an acquired amputation can greatly affect their
physical, psychological and social development; therefore it is important to offer the
appropriate supports. At different stages during childhood and adolescence, age and
gender is related to psychological adjustment due to social stigma (Hermansson,
Eliasson & Engstrom, 2005). According to several paediatric studies, prosthesis use
decreases with age. Postema et al. (1999) suggested that this may be observed in early
childhood as functional needs diminish while cognitive skills increase, demanding less
use of one’s hand. Moreover, Poole and colleagues (2013) reported in their study, that if
parents did not accept the prosthesis, it was likely that their child would reject the device
as well. Alternatively, adolescents may reassess the use of their prosthesis as they begin
to form their individual autonomy (Biddiss & Chau, 2007a; Hermansson, Eliasson &
Engstrom, 2005). During adolescence, body image, sexuality and peer acceptance
become increasingly important, thus more cosmetically appealing prostheses may be
sought (Kelly, 2013). Therefore, there are different considerations in prosthetic care for
each developmental stage (Poole et al., 2013).
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Physical environments. In a built environment, factors related to the way
communities are organized and transportation systems can influence one’s health
(PHAC, 2011). Travel time and distance to health care services is associated with health
outcomes (Kelly, Hulme, Farragher, & Clarke, 2016). Living in an urban versus rural
area can have an impact on one’s health. Urban areas tend to have more specialized
services and greater access to networks of public transportation. Given the low
prevalence rates of upper limb loss in the general population, prosthetists and prosthetic
clinics tend to be in more urban areas for their services to be sustainable (Bigelow et al.,
2009). Particularly, for amputees living in rural areas of Atlantic Canada, finding
appropriate and affordable transportation to a prosthetics clinic may be difficult,
especially given that some clients or devices require several visits. Some clients of the
Atlantic Clinic for Upper Limb Prosthetics receive funding for their travel expenses,
particularly children, while others are responsible for their own travel. As outlined in
Kelly et al’s (2016) systematic review, the association of travel distance and health
outcomes for overall health services has been extensively studied. Moreover, research
has found that rural residents with disabilities often experienced barriers in obtaining
health care services (Davidsson & Södergård, 2016; Iezzoni, Killeen, & O'Day, 2006),
although research in this area specific to prosthetic services is lacking and outdated.
McCarthy (1956) reported that some individuals with limb loss expressed a willingness
to accept lower quality services and prostheses in order to avoid the time and expense
involved in traveling to a prosthetics clinic. More recently, researchers who have studied
travel distance as a barrier to prosthetic service access mostly focused on
underdeveloped countries (Bigelow et al., 2009).
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Income and social status (socioeconomic status). Income is often identified as
the most important factor affecting one’s health (Mikkonen & Raphael, 2010), because it
can determine an individual’s living conditions, psychological well-being, affects health
behaviours and also impacts the quality of other social determinants of health. Ephraim
et al. (2006) found that amputees living at or near the poverty line were two to three
times more likely to experience barriers in their physical, social, psychological, cultural
and economic environments. When making treatment decisions, socioeconomic factors
must be considered (Marilynn & Telford, 2004), such as household income, funding
available and insurance coverage. A client’s financial ability to keep up to the demands
of a prosthetic device and attend regular clinic appointments could influence the type of
device chosen (e.g. passive versus myoelectric).
In Newfoundland and Labrador prosthetic devices are not covered under the
provincial medical care plan (Health and Community Services, 2017). Unlike Nova
Scotia and Prince Edward Island, where there is some partial provincial coverage
available for prostheses (Department of Health and Social Services, n.d.; Province of
Nova Scotia, 2011) and New Brunswick where prosthetic costs are sometimes covered
by Social Development, however myoelectric prosthesis are excluded from this coverage
(Social Development, n.d.). In the past, clients of the Atlantic Clinic for Upper Limb
Prosthetics have received funding from several agencies, including workplace insurance,
private health insurance, accident insurance, governmental departments, The War Amps’
CHAMP and Adult Amputee programs, as well as from community service groups and
finally, some clients have payed out-of-pocket for expenses involved in their prosthetic
care (Atlantic Clinic for Upper Limb Prosthetics, n.d.).
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It is important to note that although there are different kinds of financial aids that
one can access for upper limb prosthetic care, children and adults have varying levels of
financial support available to them. For example, The War Amps (n.d.) provides
financial support to children under 18 for most aspects of prosthetic care (e.g. prosthetic
device purchase and repairs, travel expenses, etc.), and while they may cover some
expenses when the child becomes an adult or for an adult with a newly acquired limb
amputation, coverage is not as comprehensive (e.g. travel expenses are not covered by
The War Amps for adults). Moreover, a survey of amputees from Canada, Europe and
the United States by Biddiss et al. (2011) found that 89% of children received full
funding for prosthetic devices while only 50% of adult respondents did.
Health services. Access to quality healthcare services is not only a determinant
of health but also a human right. In 1984, The Canada Health Act was enacted to
“protect, promote and restore the physical and mental well-being of residents of Canada
and to facilitate reasonable access to health services without financial or other barriers”
(Minister of Health, 2013, p. 3). The foundation of Canada’s universal healthcare system
is to ensure that all citizens have equal opportunity to receive necessary medical
services. However, provincial governments have great power over what is covered in
their respective provinces, as the Act does not have a specific list of insured services
(Mikkonen & Raphael, 2010). In Canada, health insurance coverage of prosthetics varies
greatly, although in most provinces there is partial (or minimal) coverage for upper limb
prosthetics (Edeer et al., 2011). Therefore, upper limb amputees are often responsible for
finding financial coverage through other agencies (Biddiss, McKeever, Lindsay & Chau,
2011), as discussed in the previous section.
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In addition to access and funding for related health services, an aspect of
prosthetic care that is often considered by practitioners and researchers is the time to
first fitting. The literature consistently states that shorter lengths of time between
amputation (or birth, for congenital amputees) and first fitting are associated with
successful prosthetic use and higher satisfaction in amputees, although there is no
common agreement across studies on how long that appropriate length of time is
(Biddiss & Chau, 2008; Malone et al., 1984; Pezzin, Dillingham, Mackenzie, Ephraim,
& Rossbach, 2004; Shaperman, Landsberger & Setogushi, 2003). Given the low
prevalence rates of upper limb deficiencies, many primary care practitioners may not
always have the proper awareness or knowledge regarding upper limb prosthetics to
provide immediate referrals or advice to new parents of congenital limb amputees which
can delay time to first fitting. For children with congenital limb loss, research indicates
that those fit at a very young are more likely to continue using their prosthesis as they
age, because the prosthesis becomes incorporated in motor control as they develop
(Meurs, Maathuis, Lucas, Hadders-Algra, & van der Sluis, 2006). In Biddiss and Chau’s
2008 study on prosthetic rejection and acceptance, participants with congenital limb
absence who were fitted within two years of birth and acquired amputees fitted within
six months of their amputation were 16 times more likely to have continued using their
prosthetic device. Therefore, time to first fitting is an important aspect of health services
to consider in prosthetic care.
As previously mentioned, the six social determinants of health mentioned above
are analyzed in this study. Conversely, the following determinants are not examined
because of the nature of the data available at the Atlantic Clinic for Upper Limb
Prosthetics, but are outlined below due to their possible impact on amputees and their
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interrelation with the other social determinants of health. For example, income and
social status are inextricably linked to education and literacy, as well as employment and
working conditions.
Social support networks. Individuals supported by their families, friends and
communities have been found to be generally healthier. These supports help people
solve problems and maintain control over life circumstances (PHAC, 2011). This is
especially important for the rehabilitation of amputees. Specifically, levels of social
support are associated with depression, well-being and psychological adjustment of
amputees (Wegener, Mackenzie, Ephraim, Ehde & Williams, 2009; Wilson & Cleary,
1995). Family and friends can provide emotional support, as well as instrumental
support, like helping with practical activities (e.g. rearranging furniture or items in the
home for better accessibility); instrumental support is particularly important soon after
amputation, during the adjustment period (Oaksford, Frude & Cuddihy, 2005).
Education and literacy. Education is a determinant of health in two ways. First,
it contributes to and also results from one’s socioeconomic status (Mikkonen & Raphael,
2010). Second, education has an even more direct impact on health because it
determines an individual’s ability to communicate with health professionals and to
understand health information. The literature indicates that level of education is
associated with successful use of a prosthetic device (Burger & Marinček, 1994;
Roeschlein & Domholdt, 1989). For example, a retrospective study by Roeschlein and
Domholdt (1994) found that, at the time of amputation, the median education level of
adult amputees who successfully used a prosthesis was high school, while the median
education level of those who were unsuccessful was grade school or some high school.
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Employment and working conditions. Employment provides income and also
gives an individual a sense of identity (Mikkonen & Raphael, 2010). Employment and
working conditions are important to consider in prosthetic care to determine how an
individual will adapt when returning to their work environment post-amputation. For
some, their amputation may have resulted from a work injury, which is also important to
consider in their prosthetic care (Watve et al., 2010). In the literature, higher levels of
amputation have shown a decrease in re-employment rates (Burger & Marincek, 2007).
Moreover, in a study by Wright et al. (1995), 78% of clients had a job before their
amputation and 75% were also employed post-amputation, yet 33% had to seek new
employment because of their limb loss. Burger and Marincek (2007) explained that postamputation jobs often required less physical demands and a higher level of education.
Therefore, if amputees do not have the education level for these jobs, research has
shown that they remained unemployed or moved into jobs that required less skill and
pay less (Hill, Niven, Knussen & McCreath, 1995), which can affect their financial
situation and their sense of identity and self-worth (English, 1989).
Social environments. The importance of social supports also extends to an
individual’s broader social environment (i.e. community, region, province or country;
PHAC, 2011). The values and beliefs of this larger social network can affect one’s
health and ability or willingness to participate in certain health practices. For amputees,
the perceptions of their broader social network about prosthetic devices and how other
people react to the prosthesis can affect an individual’s use of the device (Burger &
Marinček, 1994). A great way for individuals with upper limb loss to receive increased
social support from their community is through support groups for amputees (Jacobsen,
1998; Marzen-Groller, & Bartman, 2005). Support groups create opportunities for new
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amputees and their families to become educated, share common experiences, obtain
information on available resources and can help the family learn how to support the
amputee (Medhat, Huber & Medhat, 1990; Winterhalter, 1992). As previously
mentioned, family support is an important aspect of social support networks as a
determinant of health, and plays a role in the psychological well-being of amputees. In
Canada, The War Amps (n.d.) provide peer-support programs such as: Matching
Mothers, which matches families with children with upper limb loss together to support
each other, and Junior Counsellors, which matches older child amputees with young
child amputees and families to provide support and insight.
Personal health practices and coping skills. Personal health practices and
coping skills are the actions by which individuals care for themselves, deal with
challenges and make choices to enhance their own health (Mikkonen & Raphael, 2010).
A review of the literature by Andersson & Deighan (2006) outlines five types of
adaptive and maladaptive coping in amputees: 1) positive coping strategies, for example
active problem solving and a positive attitude have beneficial effects on one’s mental
health (Desmond & MacLachlan, 2006), 2) avoidance strategies are maladaptive and
include mental disengagement and abandoning activities that are more difficult or no
longer possible to accomplish (Gustafsson, Persson & Amilon, 2002), 3) support
strategies involve seeking social support from friends and family and can positively
impact an amputees adjustment (Desmond & MacLachlan, 2006), 4) maladaptive
strategies include social, cognitive and behavioural (including alcohol and drug use)
disengagement and is linked with depression and anxiety (Andersson & Deighan, 2006;
Gallagher & MacLachlan, 1999) and 5) religion, which can create a sense of hope and
optimism, but can also deter an amputee from participating in rehabilitation and seeking

25
help from others (Ferguson, Sperber-Richie, & Gomez, 2004), as discussed in the next
section.
Culture. An individual’s cultural, religious or ethnic identity has an influence on
their beliefs, values, behaviours, emotions and body image which can have an impact on
their health and their use of health services. Overall, various ethnicities or races show
differences in prevalence rates of limb loss (Dillingham, Pezzin & MacKenzie, 2002),
and at the individual level, cultural and religious background can have an impact on
one’s use of a prosthetic device and their participation in the rehabilitation process. For
example, in a study conducted in Nigeria, where amputation is not accepted by society,
Udosen et al. (2009) reported that 3% of its respondents who refused amputation chose
traditional forms of treatment, 16% chose undisclosed alternative treatment methods, 7%
believed in God for healing and 10% indicated that they would rather die than have a
limb amputated. In some religions amputation is regarded as a means of punishment and
therefore carries a stigma. Moreover, language barriers have been found to negatively
impact interaction and communication with health professionals as well as the
rehabilitation process (Ennion & Rhoda, 2016).
Filling Gaps in the Literature
Several studies have examined data of individuals with upper limb deficiencies
from prosthetics clinics around the world, although most have distributed surveys or
conducted interviews with clients and gotten varying levels of response rates (Berke et
al., 2010; Biddiss & Chau, 2009; Kyberd et al., 2007; Kyberd & Hill, 2011; Wright et
al., 1995). While surveys and interviews are able to provide rich information about those
who respond, they do not provide a full representation of the clinic population as there is
information missing about the non-respondent (Kyberd et al., 2007). Usually the ones
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who respond to the surveys are clients still using their prosthesis and therefore,
responses are not representative of all amputees (Fraser, 1993; Jones & Davidson, 1995).
By examining data for all clients of the clinic, the present study provides insights on not
only the active clients of the clinic, but also those who have been lost to follow-up by
the clinic and provides an opportunity to compare the two types of clients. In other
cases, the data for all clients of a clinic have been examined but only for specific periods
of time (Heger et al., 1995; Jones & Davidson, 1995; Pinzur, Angelats, Light, Izuierdo,
& Pluth, 1994). For example, Heger and colleagues (1985) examined data of upper limb
amputees from the Worker’s Compensation Board Hospital and Rehabilitation Centre in
Toronto between 1974 and 1981. Comparatively, the data from the Atlantic Clinic for
Upper Limb prosthetics are rich given that some clients have been followed by the clinic
for over 30 years.
The few studies that have examined clinic data retrospectively for all clients of a
clinic are fairly outdated (Kyberd, Beard & Morrison, 1997; Millstein, Heger & Hunter,
1986) and do not examine the concept of the social determinants of health. Therefore, by
employing Andersen’s Model of Health Care utilization (discussed in the next chapter),
the present study identifies the social determinants of health as predisposing,
enabling/impeding, and need factors of prosthetic service use. Moreover, although
studies in Canada have examined individuals with upper limb loss (Heger et al., 1995;
Routhier, Vincent, Morisette, & Desaulniers, 2011; Stein & Walley, 1993), the literature
is very limited and narrowly focused for Atlantic Canada, and generally focuses on the
physical and technical aspects of prosthetics use (Daley et al., 2012; Hussaini, Zinck &
Kyberd, 2017; Scheme et al., 2014). For example, Sanderson and Scott (1985) at the
Bio-Engineering Institute of the University New Brunswick examined children aged 2-
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13 years for the purpose of creating the UNB Test of Prosthetics Function. Additionally,
in 2014, a master’s student completed a study examining the clients of the ACULP but
focused on BMI, prosthetic costs and visit reasons (Manor, 2014). Therefore, the current
study provides a more comprehensive and systematic investigation of all the clients of
the Atlantic Clinic for Upper Limb Prosthetics and the broader social and environmental
circumstances of their prosthetic care (i.e. the social determinants of health).
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Theoretical Framework
Andersen’s Model of Health Care Utilization
In 1968, Andersen developed a behavioural model to explain patterns of health
service use. Since its development, the model has been adapted five times in order to
reflect the changes in health care delivery and policy (Puchala, 2010). The current study
uses the most recent version of the model (Figure 2) to examine individual
characteristics associated with prosthetics use (Andersen, 2008).

Figure 2. Andersen’s Behavioral Model of Health Care Utilization. Adapted from
“National Health Surveys and the Behavioural Model of Health Services Use” by R. M.
Andersen, 2008, Medical Care, 46(7).
The current model proposes that health care utilization is determined by
predisposing, enabling (or impeding) and need factors. This most recent version of the
model highlights that these three factors can be broken down into both contextual and
individual characteristics in determining the use of health services (Andersen, 2008).
Moreover, along with health behaviours, an addition to this version of the model are the
concepts of perceived health, evaluated health and consumer satisfaction as outcomes
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that result from predisposing, enabling and need factors. The feedback loops added to
this updated model propose that the outcomes themselves will impact the other factors
within the model (Andersen, 1995). The following sections describes the predisposing,
enabling and need factors examined in this study and how they relate to whether or not
clients receive consistent prosthetic care.
Predisposing factors. Predisposing factors are characteristics of the individual
that affect or are associated with health care seeking behaviors (Andersen, 1995;
Babitsch, Gohl & von Lengerke, 2012). The following predisposing factors are
examined for the purpose of the current study: type of limb loss (i.e., congenital and
acquired amputees), gender, age, and level of limb deficiency.
Enabling/Impeding factors. According to the model, enabling factors are
aspects of the individual’s life or environment that can enable or inhibit the use of health
care services (Andersen, 1995; Babitsch, Gohl & von Lengerke, 2012). In this study, the
following factors are of interest: distance from clinic, income, funding received, time to
first fitting and frequency of initial visits.
Need factors. Need factors increase the perceived need for care (Adersen, 1995;
Babitsch, Gohl & von Lengerke, 2012), therefore in the current study the following
factor is of interest: primary type of prosthetic device used.
Several other healthcare utilization theories and models have been developed
over the years and these have often been useful for researchers in areas of health service
utilization research. For the purpose of this research, Andersen’s Model of Health Care
Utilization guides the study, as the predisposing, enabling and need factors are best
suited to explore the aspects of the social determinants of health involved in prosthetic
care that this research examines, which is outlined further in the Methodology section.
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This model is suitable for the present study as it gives the researcher the flexibility to
choose independent variables related to specific research questions and hypotheses
(Willis, Glaser, & Price, 2010). Moreover, Biddiss and Chau (2007a; 2007b) have
previously adapted Andersen’s Model of Health Care Utilization for examining
prosthetic use and have demonstrated its suitability for research in this particular field.
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Methodology
Research Design
This research project used retrospective quantitative and qualitative data from the
Atlantic Clinic for Upper Limb Prosthetics and Statistics Canada’s National Household
Survey to examine differences among individuals with upper limb loss across the social
determinants of health. Moreover, these data were also used to identify any differences
between active clients of the clinic and clients who were lost to follow-up in prosthetic
care.
Data Source
Prior to the start of this study, ethics approval was obtained from the University
of New Brunswick Ethics Review Board (REB #2016-023). A staff member of the
Atlantic Clinic for Upper Limb Prosthetics then created a password protected Microsoft
Access Database file for the researcher. In order for the data to be anonymized, names
were replaced by client identification (ID) numbers and contact information and
addresses, including the last three digits of each client’s postal codes, were removed.
The clinic data was comprised of information such as demographics (e.g. age, gender),
date of limb loss and first fitting, type of limb deficiency (i.e. congenital or acquired),
level of limb loss, distance of residence from clinic, funding source, visit history
information, and type of prosthesis. The database contained a table with demographic
and client information, a separate dated entry for each visit to the clinic for each client,
and a separate entry for each financial invoice. All entries of the database were linked
through the client ID numbers. The layout of the database is outlined in Figure 3;
highlighted entries indicate variables used in this study.
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Client Information

Patient ID
Status
Sex
Date of Birth
Level of Loss
Date of Loss
Date of First Fitting
Time to First Fitting
Postal Code
Distance from Clinic
Clinic Notes

Visit History

Visit ID
Patient ID
Visit Date
# of Attendances
Prosthesis Type
Reason for Visit
Visit Details
Plans

Financial Information

Financial ID
Patient ID
Invoice Date
Item
Total Cost
Description
Type of Coverage

Figure 3. Layout of the ACULP Microsoft Access Database. Highlighted entries
indicate the variables used in this study.
For the purpose of this study, Statistic Canada’s National Household Survey was
used to estimate Median Household Total Income. The first three digits of clients’ postal
codes were used to infer their total household income based on the median household
total income of the particular area (Forward Sortation Area [FSA]) in which they live.
FSA is a way to designate a geographical area using the first three digits of a Canadian
postal code (e.g. E3B).
Theoretical Model Guiding Analysis
For the purpose of this study, Andersen’s behavioural model was modified
(Appendix A). Only individual-level predisposing, enabling and need factors were
examined, as the database does not provide the necessary information on contextuallevel factors (e.g. cultural norms, health care expenditures, community health indicators
such a morbidity; Babitsch et al., 2012). Moreover, as the clinic only collects
information necessary for the care of the client, the database does not provide the
information needed to study all of the determinants of health. Therefore, for the purpose
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of this study, the following determinants of health and individual characteristics were
included in the analyses: gender, biology and genetics, healthy child development,
physical environment, income and social status, and health services. The key health
behaviors of interest for this research were client status (active clients or clients lost to
follow-up) and continued prosthetic care (clients who did not return to the clinic after
initial visits and clients who returned for more consistent prosthetic care). Additionally,
the outcome components of the model were not examined, as the purpose of this study
was to identify predictors of health service use (loss to follow-up) but not health
outcomes (i.e. perceived health status, evaluated health status and consumer satisfaction)
of the clients following prosthetic care (Appendix A).
Independent Variables
Outlined in Table 3 are the variables from the clinic database and the National
Household Survey (2011) corresponding to the determinants of health.
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Table 3
Social Determinants of Health Variables from Data Sources
Social Determinants of
Health
Gender
Biology and genetics

Source
Atlantic Clinic for Upper Limb
Prosthetics Database
Gender (male/female)

National Household
Survey (2011)

Level of loss
Age (years)

Healthy child

Age group (child/adult)

development
Physical environment

Distance from clinic (kilometers)
Province

Income and social status

Primary funding source
Postal code (first 3 digits)

Health services

Total Median
Household Income
($) by FSA code

Time to first fitting (months)
Frequency of initial visits (# in the first
2 years)
Primary type of prostheses

Dependent Variables
Type of loss. Clients were categorized as either congenital or acquired amputees.
Lost to follow-up. The status of clients was categorized as either active or
inactive. Clients were considered inactive if they already had this designation in the
clinic database (e.g. informed the clinic that they would no longer be using a prosthetic
device, if they moved away, were deceased, etc.) or if they had not been to the clinic in
the last15 years (between 2001 and 2016). For the purpose of this study, inactive clients
were considered to have been lost to follow-up by the clinic.
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Continued prosthetic care. A sub-group of those lost to follow-up are clients
who attended the clinic only for their initial visits and never returned; this group was
considered ‘not returned’, while the rest of clients were considered to have returned for
continued prosthetic care.
Preparing Data for Analysis
The Microsoft Access Database was imported into the Statistical Package for
Social Sciences (SPSS), Version 24. Missing values were then identified and
appropriately labeled.
The next step involved recoding categorical variables and creating new variables in
SPSS as needed and listed below. Note that new variables created by the researcher
using information from the Microsoft Access Database are indicated using parentheses.
•

Gender: 0 = “Female”, 1 = “Male”

•

Type of Loss: 0 = “Acquired”, 1 = “Congenital”

•

Level of Loss: 1 = “Partial Hand”, 2 = “Transradial”, 3 = “Transhumeral”, 4 =
“Forequarter”, 5 = “Bilateral Upper Limb”

•

Age Group (New Variable): 0 = “Child”, 1 = “Adult”. This variable was entered
manually based on the age of the client (i.e. adults were considered 19 and over).

•

Age 2016, 2006, 1996 and 1986 (New Variable): The age of clients in years was
determined by calculating in SPSS the number of years between the date of the
database extraction (April 01, 2016) and their date of birth. Client age was then
calculated for three more 10-year intervals; 2006, 1996 and 1986.

•

Distance: Driving distance from each client’s residence to the clinic, in
kilometres.
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•

Province (New Variable): 1 = “New Brunswick”, 2 = “Nova Scotia”, 3 = “Prince
Edward Island”, 4 = “Newfoundland and Labrador”, 5 = “Other”. Province of
residence was entered into SPSS manually using the first three digits of clients’
postal codes.

•

Income (New Variable): clients were given one of four income level categories
created manually based on the median household total income of their FSA code
identified using the NHS (2011) data; 1 = “< 50,000$”, 2 = “50,000 - <
65,000$”, 3 = “65,000$ - < 80,000$”, 4 = “≥ 80,000$”.

•

Primary Funding Source (New Variable): 1 = “War Amps”, 2 = “Insurance”, 3 =
“Private”, 4 = “Government”, 5 = “Worker’s Compensation”. This information
was found in the Financial Information section of the Microsoft Access Database
and manually transferred to the SPSS database to corresponding client ID
numbers.

•

Time to First Fitting: The number of months between the date of limb loss and
the date of first fitting.

•

Frequency of Initial Visits (New Variable): In the Microsoft Access Database
there was a dated entry for each individual client visit. The frequency of initial
visits was manually calculated by the researcher and entered into SPSS as the
new variable of ‘Frequency of Initial Visits.

•

Primary Prosthetic Device (New Variable): 1 = “Myoelectric”, 2 = “Passive”, 3 =
“Body Powered”. This variable was entered manually in SPSS by using visit
history information from the Microsoft Access Database. The primary prosthesis
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used as the time of the client’s last visit was considered to be the Primary
Prosthetic Device.
•

Loss to Follow-up: 0 = “Active”, 1 = “Inactive”,

•

Continued Prosthetic Care (New Variable): 0 = “Not returned”, 1 = “Returned”.
This variable was created manually by observing individual dated visit entries.
Those who did not return to the clinic after their initial visits were given a “0”
and clients who returned for consistent prosthetic care were given a “1”.

Statistical Analysis
This study primarily employed descriptive statistical analysis methods,
performed in SPSS, including means, medians, frequencies, cross-tabulations,
correlations, independent samples t-tests, one-way analysis of variance (ANOVA) and
non-parametric tests when appropriate. A binary logistic regression was also performed
as an example of predictive analyses. In all statistical analyses, this study employed a
complete case analysis method to dealing with missing data.
Cross tabulations were used to examine relationships within the data’s
categorical variables using the Chi-Square Test of Independence. If expected cell counts
were less than five for more than 20% of cells, Fisher’s Exact Test was used, following
the recommendation that 80% of cells should have an expected count of five or more
(Bewick, Cheek, & Ball, 2004). Given that the p-value in a chi-square tests only
indicates if there is an association between variables and that it can be difficult to
identify significant differences between groups when there is a large number of cell
sizes, standardized adjusted residuals were used to identify which cell differences
contributed to the test results (Agresti, 2013).
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Overall, to compare group means, parametric statistical procedures (Independent
Samples T-Tests and One-way ANOVAs) were employed even for non-normally
distributed data given their robustness to the normality assumption with large sample
sizes (Elliot & Woodward, 2007). Given that parametric tests assume that groups have
equal variances, a Levene’s Test of Equality of Variances was performed before any ttest or ANOVA; if the assumption of homogeneity of variance was violated, degrees of
freedom were adjusted accordingly. Conversely, when group samples were small (n <
30), non-parametric procedures (i.e. Krustal-Wallis test) of mean ranks were performed
and post hoc pairwise comparisons (with Bonferonni corrections) were used to identify
group differences.
Visual representations of data were also used, such as histograms, line graphs,
bar charts and pie charts. Tables and graphs can be great supplemental tools to aid in
interpreting data. For example, box-plots were helpful in identifying outliers in the data
and histograms were used to visually inspect the distribution of data.
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Results
General Overview of Study Sample
The Atlantic Clinic for Upper Limb Prosthetics database contained a total of 247
clients, with some visit records dating back to when the clinic opened in 1981. For the
purpose of this study, the database was extracted in April of 2016; therefore, data
included in analyses and discussed in this section are from 1981-2016. In order to be
included in the current study sample, clients were required to have an upper limb
amputation; therefore 18 clients were removed from the database because they were
non-amputees or had only a lower limb amputation, leaving 229 clients for inclusion in
the study. In the database, clients were categorized by gender. Of the 229 clients in the
study sample, 146 were male and 83 were female. The majority (85%) were adults and
15% were children under the age of 19 (0-18 years; Figure 8). From this child
population, 58% were female and 42% were male. Only 4% of the study sample
travelled from outside of the Atlantic Provinces to visit the clinic and, overall, most
clients of the clinic resided in New Brunswick (NB; 61%). The rest of Atlantic Canadian
clients were from Nova Scotia (NS; 18%), Newfoundland and Labrador (NL; 14%), and
Prince Edward Island (PEI; 3%).
Figure 4 and Table 4 indicate the number of new clients coming to the clinic
each year between 1981, when the clinic opened, and the time of the database extraction
(April 2016). For 27 clients, there was no clear date on when they first became clients of
the clinic, therefore are not accounted for in Figure 4 and Table 4. The year with the
greatest number of new clients (n = 16) was in 2016, compared to 2012 when the clinic
had no new clients. In most recent years (2007-2016) the clinic experienced its greatest
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annual average intake of clients with 6.4 clients per year, and 1987-1996 had the
smallest yearly client intake with an average of 5.1 new clients per year.

18

Number of New Clients
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|
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|
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Time (Years)
Figure 4. Histogram of the number of new clients each year (1981-2016).
Table 4
Number of New Clients of the Clinic over Time
Years

n

Average n per year

1981-1986

26

5.2

1987-1996

51

5.1

1997-2006

61

6.1

2007-2016

64

6.4

Gender
In the database, client gender was categorized as male or female. The clinic had a
greater proportion of male clients (64%) than female clients (36%).
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Male

36%

Female

64%

Figure 5. Pie chart of gender breakdown.
Biology and Genetics
Level of loss. For the purpose of this study, nine types of levels of loss were
combined into the following five categories, because generally, they are fitted for
prostheses in the same way: 1) partial hand (transphalangeal), 2) transradial
(transcarpal, wrist disarticulation and transradial), 3) transhumeral (elbow
disarticulation and transhumeral), 4) forequarter (shoulder disarticulation and
forequarter) and 5) bilateral upper limb (i.e. double upper limb amputation). Of the total
client population, records were missing for eight. The valid percentage of level of loss
for the remaining 221 clients is in table 5 and figure 6.
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Table 5
Total Clients Level of Loss Frequency
N

%

Partial Hand

58

26

Transradial

101

46

Transhumeral

37

17

Forequarter

11

5

Bilateral Upper Limb

14

6

Total

221

100

6%

5%

17%

46%

Transradial (46%)
Partial Hand (26%)
Transhumeral (17%)
Bilateral Upper Limb (6%)
Forequarter (5%)

26%

Figure 6. Pie chart breakdown of level of loss.
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Table 6
Level of Loss Frequency by Gender
Level of Loss

Gender
Female N
(%)
Male

N
(%)

Total

N

Bilateral
Partial
Upper
Hand Transradial Transhumeral Forequarter Limb
15
46
13
0
6

Total
80

18.8%

57.5%

16.3%

0.0%

7.5%

100.0%

43

55

24

11

8

141

30.5%

39.0%

17.0%

7.8%

5.7%

100.0%

58

101

37

11

14

221

* Cells with significant standardized adjusted residuals (p < .05) are indicated by underlined percentages.

A Chi-square test of independence was calculated comparing the frequency of
each category of level of loss in female and male groups for 221 valid cases. A
significant difference between groups was found (x2 (4) = 13.031, p < .05), with only
one (10%) cell having an expected count less than five. Standardized adjusted residuals
indicated that transradial and forequarter accounted for the significance. There were no
forequarter amputations in the female group, leaving all 11 forequarter amputations in
the male group. Comparatively, over half (57.7%) of amputations in the female group
were transradial, while in the male group, transradial accounted for only 39.0% of
amputations.
Age of clients. The age of clients (in years) was calculated at four 10-year
intervals to compare mean and median age of clients in 1986 (M = 15, Mdn = 8), 1996
(M = 20, Mdn = 13), 2006 (M = 30, Mdn = 25), and 2016(M = 38, Mdn = 35). Each
client’s age was only used in analyses of the 10-year intervals for which they were
clients of the clinic.
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Table 7
Total Client Age in Years
1986

1996

2006

2016

N

31

88

148

212

M

15

20

30

38

Mdn

8

13

25

35

SD

18

19

20

19

Min

0

0

0

3

Max

60

70

80

86

40

35
Age (years)

30
25

20

Mean

15

Median

10
5
0
1986

1996

2006

2016

Figure 7. Graph of mean and median age of clients over time.
The largest difference in means was between 1996 and 2006 by 10 years; this
suggest that not only was the client population as a whole aging, but that fewer
congenital cases or young children were coming to the clinic after 1996. Therefore, the
mean and median age of clients increased. Table 8 summarizes the number of new
clients with congenital limb loss since the clinic opened.
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Table 8
Number of New Clients with Congenital Limb Loss
Years

n

Average n per year

1981-1986

14

2.8

1987-1996

26

2.6

1997-2006

13

1.3

2007-2016

11

1.1

In 1981-1986 and 1987-1996, the average number of new congenital clients at
the clinic per year was 2.8 and 2.6 respectively. Comparatively, between 1997 and 2006
there were 1.3 new clients with congenital limb loss per year, and 1.1 between 2007 and
2016. This trend indicates that there were fewer new cases of congenital limb loss
coming to the clinic over time.
Table 9
Total Clients Mean Age by Gender
Ten-year Intervals
Gender
Male

N
M (SD)

Female

N
M (SD)

2016

2006

1996

1986

133

87

51

16

42 (20)

35 (21)

24 (21)

21 (20)

79

61

37

15

31 (21)

24 (15)

14 (12)

9 (12)

Independent t-tests were run on the data with a 95% confidence interval (CI) for
the mean difference. Levene’s test indicated unequal variances in all ten-year intervals
(p < .05); therefore degrees of freedom were adjusted accordingly. In all ten-year
intervals, the mean age was higher in males than females, and was statistically
significant in 2016 (t(192) = 4.413, p < 0.01), 2006 (t(146) = 3.723, p < 0.01), and
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1996(t(82) = 3.027, p < 0.01). In 1986 there was no significant difference between
groups (t(25) = 1.984, p = .058). .
Healthy Child Development
Age group. Clients were categorized as either adults (19 years and over) or
children (0-18 years). There was no date of birth information for eight clients in the
database and nine clients were deceased. Therefore these 17 clients were not
categorized, leaving 212 valid cases. The majority (85%) of clients were adults, while
the remaining 15% were children under the age of 19.

15%

Adult

Child

85%

Figure 8. Pie chart breakdown of age groups.
Table 10
Age Group by Gender
Age Group
Status
Female
Male
Total

n (%)

Child

Adult

Total

18 (22.8%)

61 (77.2%)

79 (100%)

13 (9.8%)

120 (90.2%) 133 (100%)

31

181

212

47

Female

Male
9.8%

20.3%
Adult

Adult

Child

Child

77.2%

90.2%

Figure 9. Pie chart breakdown of age groups by gender.
A Chi-square test of independence found significant differences in the number of
female and male adults and children, (x2 (1) = 6.720, p < .05). The male group had a
smaller child sample (9.8%) than the female group which was 22.8% children.
Physical Environment
Distance from clinic. In the database, distance from clinic was represented in
kilometers in terms of driving distance for clients residing in the four Atlantic Canadian
Provinces. Records for five clients were omitted because they lived outside of Atlantic
Canada, therefore the mean and median for the remaining 224 clients were 403km and
198km, respectively. The histogram in Figure 10 shows the normal curve of the
frequency of distance from the clinic. This indicates that the data had a positive skew,
and that overall the median (198km) was a more representative value of average distance
from clinic than the mean (403km).
Table 11
Distance from Clinic Descriptive Statistics
N

Mdn

224

198

M

SD

403 491

Min

Max

2

2308

48

Figure 10. Histogram of distance from clinic.
Table 12
Mean Distance from Clinic by Gender
Distance from Clinic
Gender

n

Mdn

M

SD

Min

Max

Female

83

311

510

544

2

2308

Male

141

185

340

447

2

1739

Total

224

198

403

4901

2

2308

Despite a non-normal distribution of the data, an independent t-test was run on
the data with a 95% confidence interval (CI) for the mean difference given the large
sample size. Levene’s test indicated unequal variances (F = 6.34, p < .05), so degrees of
freedom were adjusted from 222 to 147. Mean distance from clinic was higher for
women (M = 510), SD = 544) than for men (M = 340, SD = 447), t(147) = 2.522, p <
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.05). Therefore, on average, female clients lived further from the clinic than male
clients.
Table 13
Distance and Age Descriptive Statistics
Age (years)
Variable

Distance (kms)

2016

2006

1996

1986

M

403

38

30

20

15

SD

491

19

20

19

18

Table 14
Total Clients Distance from Clinic and Age Correlation Coefficients
Age
Measure

2016

2006

1996

1986

Distance from Clinic -.222** -.296** -.252* -.257
Note. * indicates p < .05, ** indicates p < .01.

Correlational analyses were used to examine the relationship between the ages of
clients and their distance from the clinic. Results indicated an inverse relationship
between distance from clinic and age for each ten year interval; this relationship was
statistically significant in 2016, 2006 and 1996. This suggests that younger clients
resided further from the clinic.
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Table 15
Distance from Clinic by Age Group
Distance from Clinic
Age Group

n

M

SD

Child

31

481

563

Adult

178

411

492

An independent t-test was run on the data with a 95% confidence interval (CI)
for the mean difference. Levene’s test indicated that the assumption of equal variances
was not violated (F = .961, p = .328). Mean distance from clinic was smaller for the
adult group (M = 411, SD = 492) than for children (M = 481, SD = 563), although the
differences between groups were not statistically significant, t (207) = .749, p = .455).
Income and Social Status
Income. Income for each client residing in Atlantic Canada was inferred from
the total median household income (NHS, 2011) of the area in which they lived using
their FSA code. Incomes levels were then combined into four categories, as outlined in
Table 16. Six clients were not included in analyses as five clients lived outside of the
Atlantic Provinces and there was no postal code information for one client. In Table 16,
the percentage of clients in each income level category is listed; 50.2% of clients fall in
the lowest income category with a median household total income of less than 50,000$.
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Table 16
Frequency of Clients per Income Level Category
Income Level Category

N (%)

< 50,000$

112 (50.2%)

50,000 - < 65,000$

66 (29.6%)

65,000$ - < 80,000$

37 (16.6%)

≥ 80,000$
Total

8 (3.6%)
223 (100%)

Additionally, the residence of each client from the clinic had been plotted on a
map of Atlantic Canada (Appendix B; Appendix C) based on their Forward Sortation
Area (FSA) code. These maps aid in identifying clusters of clients throughout the
Atlantic Provinces and also demonstrate the Median Household Total Income of the
geographical regions (i.e. FSA code) in which clients reside.
Primary funding source. In the financials section of the database, there was
information about which organizations or agencies funded the prosthetic care of clients.
Of the 229 clients of the clinic, there was funding information for 161 clients. Some
clients had multiple sources of funding, therefore for the purpose of this study, the
agency or organization that made the greatest financial contribution to expenses for
prosthetic care was selected as the primary funding source (Table 17).
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Table 17
Primary Funding Source of Clients
Primary Funding Source

N (%)

War Amps

95 (59.0%)

Insurance

23 (14.3%)

Private

13 (8.1%)

Government

7 (4.3%)

Worker's Compensation

23 (14.3%)

Total

161 (100%)

5%
8%

14%
14%

59%

Figure 11. Primary funding source breakdown.

War Amps (59%)
Insurance (14%)
Worker's Compensation (14%)
Private (8%)
Government (4%)
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Table 18
Primary Funding Source by Gender
Primary Funding Source
War
Worker's
Amps
Insurance Private Government Compensation Total
Female n (%) 47 (75%) 8 (13%) 6 (9%)
2 (3%)
0 (0%)
63

Status

Male

n (%) 48 (49%) 15 (15%) 7 (7%)

Total

N

95

23

13

5 (5%)

23 (24%)

98

7

23

161

A Chi-square test of independence was calculated comparing primary funding
sources for male and female groups for 161 valid cases. The Chi-square showed a
significant difference between groups (x2 (4) = 19.832, p < .01), with only 20% of cells
having an expected count of less than five. Standardized adjusted residuals indicated that
War Amps and Worker’s Compensation accounted for the significance. Twenty-four
percent of males had Worker’s Compensation as their primary source of funding,
whereas zero females were funded by worker’s compensation. Moreover, 75% of
females were primarily funded by The War Amps, while a little less than half (49%) of
males had The War Amps as their primary source of funding.
Health Services: Prosthetic Use and Visit Information
In the database, each individual client visit was recorded with the date, reason for
the visit and the type of prosthetic device involved. Additionally, the date of limb loss
was recorded in the database, as well as the date that the client was initially fitted with
the prosthetic device. For the purpose of this study, the visit information in the database
was used to determine the time to first fitting, the frequency of initial visits and the most
recent prosthetic device used by each client.

54
Time to first fitting. Descriptive statistics were run for time to first fitting of
clients, which represents the amount of time (in months) between an amputation or the
loss of a limb and being fit for a prosthetic device at the clinic. Of the 229 clients of the
clinic, 117 had information recorded for time to first fitting and 80 of them were fitted in
the first year after amputation. The mean and median time to first fitting was 11.4 and
7.0 months, respectively. The histogram in Figure 12 shows the normal curve of the
frequency of mean time to first fitting and indicates that the distribution has a slight
positive skew.

Figure 12. Histogram of time to first fitting (months).
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Table 19
Time to First Fitting (months)
N

Mdn

117

7.0

M

SD

Min Max

11.4 10.5

1

61

Table 20
Time to First Fitting by Gender
Time to First Fitting
Gender

N

Mdn

M

SD

Min

Max

Female

45

7.0

11.1

10.6

2

49

Male

72

8.0

11.6

10.5

1

61

Total

117

7.0

11.4

10.9

1

61

Despite the non-normal distribution of the data, an independent t-test was run
with a 95% confidence interval (CI) for the mean difference, given the large sample size.
Levene’s test indicated that the assumption of equal variances was not violated (F =
.004, p = .950). No significant mean differences between female (M = 11.6, SD = 10.6)
and male (M = 11.1, SD = 10.5) groups were found t (115) = .225, p = .823); meaning
time to first fitting did not differ by gender.
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Table 21
Time to First Fitting by Level of Loss
Time to First Fitting
Level of Loss

N

Mdn

M

SD

Min

Max

Partial Hand

20

13.0

18.8

14.0

2

61

Transradial

70

6.0

9.7

10.2

1

49

Transhumeral

20

10.5

10.6

4.7

1

23

Forequarter

4

11.5

11.8

6.1

6

18

Bilateral Upper

2

7.0

7.0

1.4

6

8

116

7.0

11.5

10.5

1

61

Limb
Total

Given that the data were not normally distributed and most groups had small
sample sizes (n < 30), a Krustal-Wallis test was performed and indicated statistical
significance between groups H(4) = 19.612, p < .01. Pairwise comparisons indicate that
median time to first fitting is greater for clients with partial hand amputations (Mdn =
13.0) than those with transradial amputations (Mdn = 6.0). The rest of the groups did not
significantly differ from each other.
Frequency of Initial Visits. Visit history information can greatly vary, as some
clients have been followed since the clinic opened in 1981, while others only have a few
entries in the database as they have become clients in recent years. This variability over
the years meant that comparing the total number of visits of clients would not provide
useful information; instead, the number of visits in the first two years of becoming a
client of the clinic was calculated and compared across several variables. The fitting of a
client’s first prosthesis can take several visits and subsequent adjustments are frequent in
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the first two years. Therefore, the frequency of initial visits was a good indicator of
client’s initial engagement with the clinic and their prosthetic care.
Table 22
Frequency of Initial Visits Descriptive Statistics
N

Mdn

M

SD Min Max

198

3.0

4.0 3.1

1

21

Visit record information was missing for 27 clients and four clients joined the
clinic in 2016 and therefore did not have two full years of visits to report, leaving 198 of
229 clients with valid cases for analysis. The mean and median frequency of initial visits
was 4.0 and 3.0 visits in the first two years, respectively. The histogram in Figure 13
shows the normal curve of the frequency of mean frequency of initial visits and indicates
that the distribution has a slight positive skew.

Figure 13. Histogram of the total frequency of initial visits.
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Table 23
Frequency of Initial Visits by Gender
Number of Visits
Gender

N

Mdn

M

SD

Female

75

4.0

4.1

2.6

Male

123

3.0

3.0

3.4

Total

198

3.0

4.0

3.1

Despite the non-normal distribution of the data, an independent t-test was run
with a 95% confidence interval (CI) for the mean difference, given the large sample size.
Levene’s test indicated that the assumption of equal variances was not violated (F =
1.082, p = .300). No significant mean differences between males (M = 3.0, SD = 3.4)
and females (M = 4.1, SD = 2.6) were found (t (196) = .224, p = .823); therefore gender
was not related to the frequency of initial visits.
Table 24
Frequency of Initial Visits by Level of Loss
Number of Visits
Level of Loss

N

Mdn

M

SD

Partial Hand

50

2.0

2.4

1.3

Transradial

93

4.0

4.7

3.0

Transhumeral

32

4.0

4.9

4.6

Forequarter

8

3.5

3.4

1.7

Bilateral Upper Limb

11

4.0

4.0

2.5

Total

194

3.0

4.0

3.1

Given that the data were not normally distributed and some groups had small
sample sizes (n < 30), a Krustal-Wallis test was performed and indicated statistical
significance between groups H(4) = 28.426, p < .01. Pairwise comparisons indicated that
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group differences lie between partial hand (Mdn = 2.0, M = 2.4, SD = 1.3) and
transradial (Mdn = 4.0, M = 4.7, SD = 3.0), as well as partial hand and transhumeral
(Mdn = 4.0, M = 4.9, SD = 4.6). The rest of the level of loss categories did not
significantly differ from each other; therefore those with partial hand limb deficiencies
had fewer visits in the first two years at the clinic than those with transradial or
transhumeral limb deficiencies.
Correlational analyses. Table 25 indicates the results of the correlational
analyses that were run on distance from clinic, frequency of initial visits and time to first
fitting data. Results indicated a positive correlation between time to first fitting (M =
11.4, SD = 10.5) and distance (M = 403, SD = 491), r = .290, p < .01. A greater mean
distance from the clinic was related to a greater mean time to first fitting therefore, on
average, clients who lived further from the clinic had a longer time between the loss of a
limb and fitting of their prosthetic device. Moreover, results showed a significant
negative correlation (r = -.170, p < .05) between frequency of initial visits and distance
from clinic. The mean frequency of initial visits (M = 4.0, SD = 3.1) decreased as
distance from clinic (M = 403, SD = 491) increased. Therefore, clients who lived
furthest from the clinic had fewer visits in their first two years. Finally, correlational
analyses results showed no significant correlation (r = -.170, p = .384) between time to
first fitting and number of initial visits.
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Table 25
Visit Information and Distance from Clinic Correlation Coefficients
Correlation Coefficient
Measure

1.

1. Distance

1

2.

2. Frequency of Initial Visits

-.170*

1

3. Time to First Fitting

.290**

-.083

3.

1

Note. * indicates p < .05, ** p < .01.

Type of prosthesis. Given that clients may try several different types of
prostheses throughout their life, and that some even have more than one device at one
time, for the purpose of this study, the primary prosthetic device of the client at the time
of their last visit was used in subsequent analyses.
Of the 229 clients of the clinic, there was information on primary prosthetic
device for 186 clients. Most (n = 117) used a myoelectric device, 52 used a passive
device and the remaining 17 used a body powered device.

9%
Myoelectric
28%

Passive
63%

Body Powered

Figure 14. Pie chart breakdown of primary prosthetic device.
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Table 26
Primary Prosthetic Device by Gender
Primary Prosthetic Device
Body
Age Group

Myoelectric

Passive

Powered

Total

Female

n (%)

45 (61.6%)

23 (31.5%)

5 (6.8%)

73 (100%)

Male

n (%)

72 (63.7%)

29 (25.7%)

12 (10.6%)

113 (100%)

Total

N

117

52

17

186

A Chi-square test of independence was calculated comparing the primary type of
prosthetic device used by males and females. No significant difference between genders
was found (x2 (2) = 1.26, p = .532).
Table 27
Primary Prosthetic Device by Age Group
Primary Prosthetic Device
Body
Age Group

Myoelectric

Passive

Powered

Total

Child

n (%)

18 (66.7%)

7 (25.9%)

2 (7.4%)

27 (100%)

Adult

n (%)

95 (63.3%)

41 (27.3%)

14 (9.3%)

150 (100%)

Total

N

113

48

16

177

A Chi-square test of independence was calculated comparing the primary type of
prosthetic device used by children and adults. No significant difference between children
and adults was found (x2 (2) = .150, p = .928).
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Table 28
Distance from Clinic by Primary Prosthetic Device at Time of Last Visit
Distance from Clinic
Primary Prosthetic Device

N

Mdn

M

SD

Myoelectric

115

293

494

511

Passive

52

167

357

540

Body Powered

16

121

262

412

Total

183

216

435

515

Given that the data were not normally distributed and some the Body Powered
group had a sample size of 16 (n < 30), a Krustal-Wallis test was performed and found a
significant difference between groups, H(2) = 12.67, p < .01. Pairwise comparisons
indicated that clients with myoelectric prostheses lived further from the clinic than those
with passive and body powered prostheses. Distance from clinic for clients with passive
or body powered prostheses did not significantly differ from each other.
Prosthetic Use in Congenital and Acquired Amputees
Table 29
Total Clients Type of Loss Frequency
Type of Loss

N

%

Acquired

128

57.4

Congenital

95

42.6

Total

223

100.0

In the database, type of loss was categorized as either acquired or congenital.
There were missing records for 6 clients, therefore of the 223 clients with valid records,
57.4% had an acquired amputation and 42.6% had a congenital limb deficiency.
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Table 30
Type of Loss Frequency by Gender
Type of Loss
Gender

Acquired

Congenital

Total

Female

n (%)

24 (30.0%)

56 (70.0%)

80 (100%)

Male

n (%)

104 (72.7%)

39 (27.3%)

143 (100%)

Total

n

128

95

223

Female

34.0%
70.0%

Male

Acquired
Congenital

27.3%

Acquired

72.7%

Congenital

Figure 15. Pie chart of breakdown of type of loss by gender.
Of the 223 valid cases, a higher percentage of female clients had congenital limb
loss (70%), with the remaining 30% having acquired amputations. The inverse
relationship was observed in males, where 72.7% had acquired amputations and 27.3%
had congenital limb loss. A Chi-square test of independence was calculated comparing
the frequency of the acquired and congenital limb loss in both males and females. A
significant difference between groups was found (x2 (1) = 38.301, p < .01). Females
were more likely to have a congenital limb deficiency than males, while males were
more likely to have an acquired amputation.
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Table 31
Level of Loss Frequency by Type of Loss
Level of Loss

Total

Acquired n (%)

Bilateral
Partial
TransUpper
Hand
Transradial humeral Forequarter Limb
43 (34%) 40 (32%) 26 (21%)
10 (8%)
6 (5%)

125

Congenital n (%)

14 (15%)

60 (64%)

11 (12%)

1 (1%)

8 (8%)

94

57

100

37

11

14

219

Type of Loss

Total

N

* Cells with significant standardized adjusted residuals are indicated by underlined percentages.

A Chi-square test of independence was calculated comparing the frequency of
each category of level of loss in acquired and congenital groups of 219 valid cases. A
significant difference between groups was found (x2 (4) = 28.671, p < .01), with only
one (10%) cell having an expected count less than five. Partial hand, transradial and
forequarter accounted for the significance. For the acquired group, 32.0% had a
transradial amputation, 34.4% had a partial hand amputation and forequarter
amputations accounted for 8.0% of clients in this group. Comparatively 63.8% of
amputations for the congenital group were transradial, 14.9% were partial hand, and
1.1% were forequarter.

65
70

Number of Clients

60
50
Partial Hand

40

Transradial
30

Transhumeral
Forequarter

20

Bilateral Upper Limb
10
0
Acquired

Congenital
Level of Loss

Figure 16. Bar chart of the level for loss breakdown for congenital and acquired
amputees.
Table 32
Mean Age by Type of Loss
Ten-year Intervals
Type of Loss

2016

2006

1996

1986

Acquired

117

71

33

11

48 (18)

43 (19)

37 (19)

30 (20)

93

76

52

20

25 (13)

19 (12)

10 (8)

7 (8)

N
M (SD)

Congenital N
M (SD)

Independent t-tests were run on the data with a 95% confidence interval (CI) for
the mean difference. Levene’s test indicated unequal variances in all ten-year intervals
(p < .05); therefore degrees of freedom were adjusted accordingly. In all ten-year
intervals, the mean age was higher in the acquired group than in the congenital group;
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2016 (t(206) = 10.859, p < 0.01), 2006 (t(114) = 9.110, p < 0.01), 1996 (t(40) = 7.692, p
< 0.01), and 1986 (t(12) = 3.687, p < .01).
Table 33
Type of Loss by Age Group
Age Group
Type of Loss
Acquired
n (%)

Congenital
Total

Child

Adult

Total

4 (3.4%)

113 (97.4%)

117 (100%)

27 (29.0%)

66 (71.0%)

93 (100%)

31

179

210

A Chi-square test of independence comparing the frequency of acquired and
congenital amputations in children and adults showed a significant difference between
groups (x2 (1) = 27.015, p < .01). Adults accounted for most of the acquired amputations
(96.6%), as only four of the children (3.4%) had an acquired amputation. Comparatively,
29.0% of the congenital group were children and 71.0% were adults.

Acquired

Congenital

3.4%

Adult

29.0%
Adult

Child
71.0%
97.4%

Figure 17. Pie chart breakdown of age group by type of loss.

Child

67
Table 34
Mean Distance from Clinic by Type of Loss
Distance from Clinic
Type of Loss

N

Mdn

M

SD

Min

Max

Acquired

126

173

257

329

3

1739

Congenital

93

401

613

600

2

2308

Total

219

205

408

495

2

2308

An independent t-test was run on the data with a 95% confidence interval (CI)
for the mean difference. Levene’s test indicated unequal variances (F = 53.553, p < .01),
so degrees of freedom were adjusted from 217 to 133. Distance from clinic was greater
for congenital amputees (M = 613), SD = 600) than acquired amputees (M = 257, SD =
329), t(133) = 5.172, p < .01). Clients with congenital limb loss therefore lived further
from the clinic and travelled greater distances to receive their prosthetic care.
Table 35
Primary Funding Source by Type of Loss
Primary Funding Source
Type of Loss
Acquired

War
Worker's
Amps
Insurance Private Government Compensatin
n (%) 20 (25%) 21 (26%) 12 (15%)
5 (6%)
23 (28%)

Congenital n (%) 74 (94%)
Total

N

94

2 (2.5%)

1 (1%)

2 (2.5%)

0 (0%)

23

13

7

23

A Chi-square test of independence was calculated comparing primary funding
sources for male and female groups for 160 valid cases. The Chi-square showed a
significant difference between groups (x2 (4) = 80.298, p < .01), with 20% of cells
having an expected count of less than five. Standardized adjusted residuals indicated that
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all categories, except ‘Government’, accounted for the significance, while the greatest
difference between groups was found in the War Amps category. Almost all congenital
amputees (94%) were primarily funded by War Amps, while this same funding source
only covered 25% of acquired amputees.
Table 36
Time to First Fitting (months) by Type of Loss
Time to First Fitting (months)
Type of Loss

N

M

Mdn

SD

Min

Max

Acquired

59

10.6

8.0

9.0

1

36

Congenital

58

12.3

7.0

11.8

3

61

Total

117

11.4

7.0

10.5

1

61

An independent t-test was run on the data with a 95% confidence interval (CI)
for the mean difference. Levene’s test indicated that the assumption of equal variances
was not violated (F = 1.66, p = .200). Mean time to first fitting was greater for the
congenital group (M = 12.3), SD = 11.8) than the acquired group (M = 10.6, SD = 9.0)
but mean differences were not statistically significant t (115) = .867, p = .388).
Table 37
Frequency of Initial Visits by Type of Loss
Number of Visits
Type of Loss

N

Mdn

M

SD

Acquired

107

3.0

3.7

3.2

Congenital

88

4.0

4.5

2.9

Total

195

3.0

4.1

3.1
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An independent t-test was run on the data with a 95% confidence interval (CI)
for the mean difference. Levene’s test indicated that the assumption of equal variances
was not violated (F = .518, p = .473). Mean frequency of initial visits did not
significantly differ between acquired (M = 3.7, SD = 3.2) and congenital (M = 4.5, SD =
2.9) amputees, t (193) = 1.922, p = .056.
Table 38
Primary Prosthetic Device by Type of Loss
Primary Prosthetic Device
Body
Type of Loss

Myoelectric

Passive

Powered

Total

Acquired

n (%)

53 (55.2%)

29 (30.2%)

14 (14.6%)

96 (100%)

Congenital n (%)

64 (71.9%)

22 (24.7%)

3 (3.4%)

89 (100%)

117

51

17

185

Total

N

* Cells with significant standardized adjusted residuals (p < .05) are indicated by underlined percentages.

A Chi-square test of independence was calculated comparing the primary types
of prostheses used by clients with acquired and congenital limb loss. A significant
difference between groups was found (x2 (2) = 8.860, p < .05). Standardized adjusted
residuals indicated that myoelectric and body powered prostheses accounted for the
significance. Seventy-two percent of clients with congenital limb loss were primarily
using a myoelectric device compared to 55% of acquired amputees. Conversely, 15% of
acquired amputees were using a body powered prosthesis as their primary prosthetic
device during their last visit, compared to 3% of clients with congenital limb loss.
Prosthetic Use in Active and Inactive Clients
The status of clients was categorized as either active or inactive. In the active
group, 30 had been seen between 2001 and 2006, and the remaining 100 active clients
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had at least one visit to the clinic after 2006. Fifteen years was chosen as the best length
of time to categorize active and inactive clients, for the purpose of this study. In order to
ensure that clients were not inaccurately categorized as inactive, 15 years was
recommended by clinic staff based on experience that clients have occasionally returned
after more than 10 years of no visits, and have continued to use their prosthesis.
Therefore, 56.8% of the study sample was active clients and the remaining 43.2% were
inactive. Moreover, of the 99 clients categorized as inactive, nine were deceased.
For the purpose of this study, inactive clients were considered lost to follow up
by the clinic because they either chose to forgo the use of a prosthetic device,
subsequently abandoned prosthetic care, had not contacted the clinic in over 15 years or
the clinic was unable to reach them. Therefore the terms ‘inactive’ and ‘lost to followup’ are used interchangeably in this study. The nine deceased clients in the inactive
group were removed from subsequent analyses because they are not considered to have
been lost to follow up; leaving 90 inactive clients and 130 active clients.
Table 39
Total Clients Status Frequency
N

%

Active

130

56.8

Inactive

99

43.2

Total

229

100.0

71

Active

43.2%
56.8%

Inactive

Figure 18. Pie chart breakdown of client status.
Table 40
Type of Loss by Client Status
Type of Loss
Status

Acquired

Congenital

Total

Active

n (%)

66 (52.4%)

60 (47.6%)

126 (100%)

Inactive

n (%)

55 (61.8%)

34 (38.2%)

89 (100%)

Total

n

121

94

215

Active

47.6%

Inactive

Acquired
52.4%

Congenital

38.2%

Acquired
61.8%

Congenital

Figure 19. Pie chart breakdown of type of loss by client status.
Of the 126 active clients, 52.4% had an acquired amputation while 47.6% had a
congenital limb deficiency. Of the 89 clients considered inactive, 61.8% had an acquired
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amputation and 38.2% had a congenital upper limb deficiency. Records were missing for
6 clients. A Chi-square test of independence was calculated comparing the frequency of
the acquired and congenital limb loss in active and inactive groups. No significant
difference between groups was found (x2 (1) = 1.880, p = .170).
Table 41
Gender Frequency by Client Status
Gender
Status

Female

Male

Total

Active

n (%)

49 (37.7%)

81 (62.3%)

130 (100%)

Inactive

n (%)

33 (36.7%)

57 (63.3%)

90 (100%)

82

138

220

Total

N

Of the 130 active clients, 37.7% were female and 62.3% were male. In the
inactive group (N=90), 36.7% were female and 63.3% were male. A Chi-square test of
independence was calculated comparing the frequency of gender for the active and
inactive groups. No significant difference between groups was found (x2 (1) = .024, p =
.877).

Active

37.7%

Inactive

Male
62.3%

36.7%

Female

Figure 20. Pie chart gender breakdown by client status.

Male
63.3%

Female
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Table 42
Level of Loss Frequency by Client Status
Level of Loss

n

Bilateral
Partial
Upper
Hand Transradial Transhumeral Forequarter Limb
25
66
25
3
8

(%)

19.7%

52.0%

19.7%

2.4%

6.3%

100.0%

31

33

11

5

6

86

36.0%

38.4%

12.8%

5.8%

7.0%

100.0%

56

99

36

8

14

213

Status
Active

Inactive n
(%)
Total

n

Total
127

* Cells with significant standardized adjusted residuals (p < .05) are indicated by underlined percentages.

A Chi-square test of independence was calculated comparing the frequency of
each category of level of loss in active and inactive groups for 213 valid cases. A
significant difference between groups was found (x2 (4) = 10.365, p < .05), with two
(20%) cells having an expected count less than five. Standardized adjusted residuals
indicated that partial hand and transradial accounted for the significance. For the active
group, a little over half (52%) had a transradial amputation and 19.7% had a partial hand
amputation. Comparatively 38.4% of amputations for the inactive group were transradial
and 36.0% were partial hand.

74

Number of Clients

70
60
50

Partial Hand

40

Transradial

30

Transhumeral

20

Forequarter

10

Bilateral Upper Limb

0

Active

Inactive
Status

Figure 21. Bar chart breakdown of the level of loss by client status.
Table 43
Mean Age by Client Status in 2016
Status

N

M (SD)

Active

128

35 (20)

Inactive

84

43 (18)

Total

212

38 (19)

Independent t-tests were run on the data with a 95% confidence interval (CI) for
the mean difference. Levene’s test indicated that the assumption of equal variances was
not violated (F = 1.821, p = .179). At the time the database was extracted (2016), the
mean age was higher in the inactive group (M = 43, SD = 18) than in the active group (M
= 35, SD = 20), and was statistically significant (t(210) = 3.108, p < 0.01).
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Table 44
Age Group by Client Status
Age Group
Status

Child

Active

Adult

Total

26 (20.3%) 102 (79.7%) 128 (100%)
n (%)

Inactive
Total

5 (6.0%)

79 (94.0%)

84 (100%)

31

181

212

A Chi-square test of independence was calculated comparing the frequency of
children and adults in the active and inactive group (x2 (1) = 8.377, p < .01). At the time
the database was extracted, 79.7% of active clients were adults and 20.3% were children.
Comparatively, most of the inactive group were adults (94.0%), however 30.4% (n = 24)
of them were children at the time of their last visit.

Active

Inactive
6.0%

20.3%

79.7%

Adult

Adult

Child

Child
94.0%

Figure 22. Pie chart age group breakdown by client status.
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Table 45
Distance from Clinic by Client Status
Distance from Clinic
Status

n

Mdn

M

SD

Min

Max

Active

129

185

349

419

3

1733

Inactive

86

258

513

86

2

2308

Total

215

207

415

497

2

2308

An independent t-test was run on the data with a 95% confidence interval (CI)
for the mean difference. A Levene’s Test of Equality of Variances was performed and
indicated that the assumption of homogeneity of variance was violated (F = 14.527, p <
.01), therefore degrees of freedom were adjusted from 213 to 142. Mean distance from
clinic was significantly smaller for the active group (M = 349), SD = 419) than for the
inactive group (M = 513, SD = 86), t(2.244) = 1.844, p < .026).
Table 46
Number of Clients from each Atlantic Province by Status
Province
Status
Active

Inactive

Total

NB

NS

PEI

NFL

Other

Total

n

82

24

5

15

4

130

%

63.1%

18.5%

3.8%

11.5%

3.1%

100.0%

n

49

16

2

18

4

98

%

55.1%

18.0%

2.2%

20.2%

4.5%

100.0%

n

131

40

7

33

8

219

A Chi-square test of independence was calculated comparing the frequency of
active and inactive clients from each of the Atlantic Provinces within 219 valid cases.
No significant difference between groups was found (x2 (4) = 3.933, p = 0.415). The
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proportion of clients from each province was relatively equal in the active and inactive
groups.
Table 47
Income Level by Client Status
Income Level

Active

< 50,000$
n (%) 57 (44.5%)

50,000$- <
65,000$
40 (31.3%)

65,000$ - <
80,000$
26 (20.3%)

Total
≥80,000$
5 (3.9%) 128 (100%)

Inactive

n (%) 50 (58.1%)

23 (26.7%)

11 (12.8%)

2 (2.4%)

86 (100%)

Total

N

63

37

7

214

Status

107

* Cells with significant standardized adjusted residuals (p < .05) are indicated by underlined percentages.

A Chi-square test of independence was calculated comparing income level for
active and inactive groups for 214 valid cases. Most of the inactive group (58.1%) were
in the lowest income level (< 50,000$) compared to 44.5% of the active group, although
the Chi-square test showed no significant difference between groups (x2 (3) = 4.336, p =
.227), therefore income was not related to client status. Results should be interpreted
with caution as 25% of cells had an expected count of less than five.
Table 48
Primary Funding Source by Client Status
Primary Funding Source

Active

War
Amps
Insurance
n (%) 65 (57%) 16 (14%)

Private
6 (5%)

Inactive

n (%) 27 (65%)

6 (14%)

6 (14%)

0 (0%)

3 (7%)

Total

N

22

12

7

23

Status

92

Worker's
Government Compensation
7 (6%)
20 (18%)
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A Chi-square test of independence was calculated comparing primary funding
sources for active and inactive groups for 156 valid cases. The Chi-square showed no
significant difference between groups (x2 (4) = 8.355, p = .079), therefore primary
funding source was not related to client status.
Table 49
Time to First Fitting (months) by Client Status
Time to First Fitting
Status

N

Mdn

M

SD

Min

Max

Active

87

7.0

11.5

10.8

1

61

Inactive

29

6.0

11.1

9.8

1

35

Total

117

7.0

11.4

10.5

1

61

An independent t-test was run on the data with a 95% confidence interval (CI)
for the mean difference. Levene’s test indicated that the assumption of equal variances
was not violated (F = .009, p = .924). The active (M = 11.5, SD = 10.8) and inactive (M
= 11.1, SD = 9.8) groups had similar mean time to first fitting t (114) = .157, p = .875);
therefore time to first fitting was not related to status of clients.
Table 50
Frequency of Initial Visits by Client Status
Number of Visits
Status

N

Mdn

M

SD

Active

113

3.0

4.4

3.4

Inactive

79

3.0

3.6

2.5

Total

192

3.0

4.1

3.1

An independent t-test was run on the data with a 95% confidence interval (CI)
for the mean difference. Levene’s test indicated that the assumption of equal variances
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was not violated (F = 1.860, p = .174). Frequency of initial visits was greater for the
active (M = 4.4, SD = 3.4) group than the inactive group (M = 3.6, SD = 2.5), although
results were not statistically significant t (190) = 1.827, p = .069. Therefore, frequency
of initial visits was not related to client status.
Table 51
Primary Prosthetic Device by Client Status
Primary Prosthetic Device
Body
Status

Myoelectric

Passive

Powered

Total

n (%)

79 (73.8%)

21 (19.6%)

7 (6.6%)

107 (100%)

Inactive n (%)

36 (49.3%)

28 (38.4%)

9 (12.3%)

73 (100%)

115

49

16

180

Active

Total

N

A Chi-square test of independence was calculated comparing the types of
prosthetic devices used by active and inactive clients. A significant difference between
groups was found (x2 (2) = 11.310, p < .01). Standardized adjusted residuals indicated
that myoelectric and passive prostheses accounted for the significance. The active group
was more likely to use a myoelectric device during their last visit, while the inactive
group was more likely to be using a passive device.
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Table 52
Binary Logistic Regression Model Estimating Effects of Various Social Determinants of
Health on Loss to Follow-up
Variable

B

SE

Wald (χ2)

p

β

2.24

0.73

9.46

.002

9.39

2.29

.682

Age Group (ref: Child)
Adult
Level of Loss (ref: Partial Hand)
Transradial

-0.11

0.46

0.05

.819

0.90

Transhumeral

-0.17

0.60

0.08

.772

0.84

Forequarter

1.06

0.09

1.14

.285

2.88

Bilateral Upper Limb

0.64

0.88

0.53

.466

1.89

0.001

0

10.27

.001

1.00

13.03

.001

Distance from Clinic
Type of Prosthetic Device (ref: Myoelectric)
Passive

1.45

0.45

10.32

.001

2.24

Body Powered

1.72

0.65

6.91

.009

5.59

-3.52

0.94

14.13

.000

0.03

(Constant)

Note. N = 174; B = unstandardized coefficient; SE = standard error; Wald (χ2) = Wald test statistic; p =
propability value; β = standardized coefficient.

The independent variables found in previous analyses to be linked to loss to
follow up were age group, level of loss, distance from clinic and type of prosthetic
device. Therefore, a binary logistic regression was performed to identify the effects of
these variables on the likelihood of becoming lost to follow up. The regression model
was statistically significant, χ2(8) = 39.623, p < .01. The model explained 27.6%
(Nagelkerke R2) of the variance in loss to follow-up and correctly classified 71.3% of
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cases. Adults were 9.46 times more likely to become lost to follow up than children.
Increase in distance from clinic was associated with an increased likelihood of becoming
lost to follow up. Overall, type of prosthetic device contributed to the model and those
with passive and body powered prostheses were 2.24 and 5.59 times more likely to
become lost to follow than myoelectric users, respectively. Level of loss, however, did
not contribute to the model when transradial, transhumeral, forequarter and bilateral
were compared to partial hand amputations.
Continued Prosthetic Care
A subset of the inactive group were those who came to the clinic for one to three
initial visits and then never returned to continue prosthetic care; these were considered
the “not returned” group. Overall, of the 229 clients of the clinic, 23 had not continued
prosthetic care.
Table 53
Type of Loss for Clients Who Continued and Discontinued Prosthetic Care
Type of Loss
Returned (after initial visits)

Acquired

Congenital

Total

No

n (%)

18 (78.3%)

5 (21.7%)

23 (100%)

Yes

n (%)

110 (55.0%)

90 (45.0%)

200 (100%)

Total

N

128

95

223

A Chi-square test of independence was calculated comparing the frequency of
the acquired and congenital limb loss in those who returned to the clinic after their initial
visits and those who did not. A significant difference between groups was found (x2 (1)
= 4.564, p < .05). The group that did not return after their initial visits was made up of
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mostly (78.3%) acquired amputees, while the group who did return was split more
evenly between acquired (55%) and congenital (45%).
Table 54
Gender Clients Who Continued and Discontinued Prosthetic Care
Gender
Returned (after initial visits)

Female

Male

Total

No

n (%)

6 (26.1%)

17 (73.9%)

23 (100%)

Yes

n (%)

77 (37.4%)

129 (62.9%)

206 (100%)

Total

n

83

146

229

A Chi-square test of independence was calculated comparing the gender within
the groups of those who returned to the clinic after their initial visits and those who did
not. No significant difference between groups was found (x2 (1) = 1.142, p = .285). The
group that did not return after their initial visits was made up of mostly males (73.9%),
although this did not differ significantly from those who returned to the clinic.
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Table 55
Level of Loss for Clients Who Continued and Discontinued Prosthetic Care
Level of Loss
Returned (after
initial visits)
No
n (%)
(%)
Yes

n
(%)

Total

n

Partial
Hand Transradial Transhumeral
14
5
1

Bilateral
Upper
Forequarter
Limb
1
1

Total
22

63.5%

22.7%

4.6%

4.6%

4.6%

100%

44

96

36

10

13

199

22.1%

48.2%

18.1%

5.1%

6.5%

100%

58

101

37

11

14

221

* Cells with significant standardized adjusted residuals are indicated by underlined percentages.

A Chi-square test of independence was calculated comparing the frequency of
each category of level of loss of 219 valid cases for those who returned after their first
initial visits and those who did not. A significant difference between groups was found
(x2 (4) = 18.141, p < .01), although results should be interpreted with caution given that
30% of cells had an expected count less than five. Standardized adjusted residuals
indicated partial hand and transradial accounted for the significance. Partial hand
accounted for most (63.3%) amputations in the group who did not return to the clinic
after their first initial visits. In the group that did return after their initial visits, most of
their amputations were transradial (48.2%).
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Table 56
Age Group of Clients Who Continued and Discontinued Prosthetic Care
Age Group
Returned
No
n (%)

Yes
Total

Child

Adult

Total

0 (0%)

21 (100%)

21 (100%)

31 (16.2%) 160 (83.8%) 191 (100%)
31

181

212

A two-sided Fisher’s Exact Test was calculated to identify the frequency of
children and adults who returned to the clinic after their initial visits and showed
significant differences between groups (p < .05). Results suggest that all children
returned to the clinic for continued prosthetic care, while 21 adults did not return after
their initial visits.

Returned
4.5%

Not Returned
2.9%

NS (18.2%)
18.2%

3.4%

NB (59.1%)

4.5%
13.7%

59.1%

NFL
(13.7%)

NB (61.7%)
NS (17.5%)

14.6%
17.5%

NFL (14.6%)
61.7%

PEI (4.5%)

PEI (2.9%)
Other (3.4%)

Figure 23. Pie chart breakdown of province of residence by client status.
A Chi-square test of independence was calculated comparing the Province of
residence of the Returned and Not Returned groups within 228 valid cases. No
significant interaction between groups was found (x2 (4) = 0.286, p = 0.991).
Additionally, distance from clinic did not significantly differ between those who
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returned and those who did not. Those who did not return to the clinic (n = 21) did live
farther from the clinic (M = 455, SD = 550), than those who returned (n = 203, M = 398,
SD = 486), although an independent t-test, with a 95% confidence interval (CI), showed
that the difference between groups was not statistically significant t (222) = .508, p =
.612). Levene’s test indicated that the assumption of equal variances was not violated (F
= .252, p = .616). Therefore, province of residence and distance from clinic was not
related to whether or not clients returned to the clinic after their initial visits.
Table 57
Income Level for Clients Who Continued and Discontinued Prosthetic Care
Income Level
Returned

50,000$- <
65,000$
6 (28.6%)

65,000$ - <
80,000$
2 (9.5%)

Total
≥80,000$
0 (0.0%) 21 (100%)

No

n (%)

< 50,000$
13 (61.9%)

Yes

n (%)

99 (49.0%)

60 (29.7%)

35 (17.3%)

8 (4.0%)

202 (100%)

Total

N

112

66

37

8

223

A Chi-square test of independence was calculated comparing income level
clients who did not return to the clinic after their initial visits and those who did. Most of
the group that did not return (61.9%) was in the lowest income level (< 50,000$)
compared to 49.0% of the group that did return. Moreover, none of the clients in the
group that did not return to the clinic were in the highest income level (≥80,000$) while
4% of the returned group were, although the Chi-square test showed no significant
difference between groups (x2 (3) = 2.168, p = .538), therefore income was not related to
clients continuing care at the clinic. Results should be interpreted with caution as 25%
of cells had an expected count of less than five.
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Table 58
Frequency of Initial Visits for Clients Who Continued and Discontinued Prosthetic Care
Number of Visits
Returned

N

M

SD

No

23

1.9

1.7

Yes

175

4.3

3.1

Total

198

4.0

3.1

An independent t-test was run on the data with a 95% confidence interval (CI)
for the mean difference. Levene’s test indicated that the assumption of equal variances
was violated (F = 5.920, p < .05), therefore degrees of freedom were adjusted from 196
to 44. The frequency of initial visits was greater for those who returned for more
consistent prosthetic care (M = 4.3, SD = 3.1) than those who did not (M = 1.9, SD =
1.7), t (44) = 5.715, p < .01. Therefore, number of visits in the first two years was related
to whether or not clients returned to the clinic after their initial visits.
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Discussion
This study found that the social determinants of health are associated with
differences among clients of the Atlantic Clinic for Upper Limb Prosthetics. Moreover,
by using Andersen’s Model of Health Care Utilization, the social determinants of health
are identified as predisposing, enabling and need factors in loss to follow-up of
prosthetic care.
Social Determinants of Health
Gender. The clinic client population is made up of 64% males and 36% females.
Moreover, results indicate that on average, male clients are older and only 10% of the
male sample are under the age of 18, while 23% of females are children.
Biology and genetics. As outlined in Table 59, the rates of levels of loss in the
clinic population are very similar to rates recently reported by Jain and Robinson (2008)
and Watve et al. (2010) as discussed in the literature review. Although the rate of
transradial limb loss in the ACULP database is slighter greater than other reported rates,
and conversely the clinic has fewer clients with transhumeral limb loss than what is
reported in the literature.
Moreover, in the clinic population, the greatest differences in levels of loss
between males and females are forequarter and transradial amputations. Men account for
all of the forequarter amputations, while 58% of females have transradial limb loss,
compared to 39% of men.
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Table 59
Comparison of Level of Loss Percentages across Studies
Level of amputation

Atlantic Clinic for

Jain and Robinson

Watve et al.

Upper Limb

(2008)

(2010)

Prosthetics
Partial hand

26%

22%

27%

Transradial

46%

40%

33%

Transhumeral

17%

28.3%

26%

Forequarter

5%

7%

4%

Bilateral upper limb

6%

Not reported

4%

-

2.7%

6%

Other

Results indicate that mean age of clients increased over time with 15 years and
38 years as the mean ages for 1986 and 2016 respectively. This is expected as clients of
the clinic are aging, but can also be explained by the fact that there are fewer new
congenital clients in recent years which would have lowered the mean age in the past.
For comparison: in 1981-1986, there was an average of 2.8 new congenital cases per
year, and in 2007-2016 the average number of new clients with congenital limb loss is
1.1. The data does not provide an explanation of why the clinic is receiving fewer new
referrals for congenital limb amputees in recent years. Trends in prevalence rates of
congenital amputees in the general population would have to be examined and additional
considerations include the increase in prenatal ultrasounds, amniocentesis and elective
termination of pregnancies when a congenital malformation is found, as discussed by
Peller et al. (2004).
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Healthy child development. The percentage of children at the clinic (15%) is
very similar to rate of 16% reported for the Oxford Limb Fitting Centre (Kyberd, Beard
& Morrison, 1997). Moreover, 58% of children of the clinic are female.
Physical Environments. Distance from clinic as a factor of prosthetic use has
not been extensively studied in the literature. Although, Østlie et al. (2012b) examined
travel time for amputees in Norway, and found that clients traveled, on average, 3.2
hours to the clinic where they had their prosthesis adjusted, with a range of 6 minutes to
60 hours. In terms of distance travelled to the Atlantic Clinic for Upper Limb
Prosthetics, the mean and median distance traveled is 403km and 198km respectively,
with a range from 2km to 2308km. Moreover, female clients and younger clients tend to
reside further form the clinic.
Income and Social Status. Results indicate that 80% of clients reside in areas
where the median household total income of less than 65,000$, although results for
income should be interpreted with caution given that it was not collected by the clinic,
and instead was inferred based on where client postal codes. The maps in Appendix B
and C are a tool to see the income level of the areas in which clients reside.
If clients do not have the means to pay out of pocket for expenses involved in
prosthetic care, funding is very important. At the Atlantic Clinic for Upper Limb
Prosthetics, War Amps has been the primary funding source for 59% of clients, while
insurance and worker’s compensation each primarily cover 14% of clients. Seventy five
percent of female clients are primarily funded by War Amps compared to 49% of men,
and worker’s compensation is the primary source of coverage for 23 men and zero
women. This differed from a study by Biddiss et al. (2011) which found no differences
in funding between genders.
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Health Services. The mean and median time to first fitting is 11.4 and 7.0
months respectively and there is no difference in time to first fitting between genders.
Moreover, 68% of clients were fit in the first 12 months, which differs from Wright and
colleagues (1995) findings, that 88% of their study participants were fitted in the first
year after amputation. Although clients with transradial limb loss are fitted sooner than
those with partial hand amputations. Moreover, clients residing further from the clinic
experience greater lengths of time between amputation and time to fitting of their
prosthesis.
The frequency of initial visits ranges from one to 21 visits with an average of
four and there are no differences between genders. The frequency of initial visits is
smaller for partial hand amputees and greater for clients with transradial and
transhumeral limb loss. Moreover, clients who reside further from the clinic have fewer
visits in the first two years.
Table 60 outlines the percentage of types of prosthetic devices of the Atlantic
Clinic for Upper Limb Prosthetics and other more recent reported rates (Kyberd & Hill,
2011; Østlie et al., 2012b), although comparisons should be interpreted with caution as
the types of the devices and how they are grouped tends to vary across studies.
Moreover, the rates reported in these studies were gathered from surveys; therefore the
results only represent those who responded and not an entire clinic population.
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Table 60
Type of Prosthetic Device Reports across Studies
Prosthetic device

Atlantic Clinic for
Upper Limb
Prosthetics

Østlie et al.

Kyberd & Hill

(2012b)

(2011)

Myoelectric

63%

34%

23%

Body-powered

28%

30%

23%

Passive/Cosmetic

9%

23%

54%

-

13%

-

Hybrid/Other

Sixty three percent of clients of the clinic use a myoelectric device, which is
much higher than other reported rates. This could be explained by the fact that the
Atlantic Clinic for Upper Limb Prosthetics specializes in myoelectric devices. Results
from this study also show that there are no differences in device use between genders or
between adults and children. This differs from findings by Biddiss and Chau (2007c),
which concluded that myoelectric prosthetic devices were accepted more by children
than adults. Finally, distance from clinic is related to the type prosthetic device used,
where clients with myoelectric prostheses live further from the clinic than those with
passive and body-powered devices.
Hypothesis 1A
Gender, biology and genetics, healthy child development, physical environment,
income and social status, and health services are associated with differences among
clients of the clinic. Results indicate that differences among clients of the clinic are
related to gender, biology and genetics (i.e., level of loss and age), healthy child
development (i.e., child versus adult), physical environments (i.e. distance), income and
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social status (i.e., income and funding source), and health services (i.e. time to first
fitting, frequency of initial visits and prosthetic device).
The majority of clients of the clinic are male, although there are more females in
the child population. Moreover, mean age of the clinic has increased over the years and
there are fewer new clients with congenital limb loss in recent years. The majority of
clients reside in areas where the median household total income is less than 65,000$,
although almost 60% clients have prosthetic care coverage through War Amps which
often help with expenses beyond the purchase of the device (e.g. travel expenses, repair
and replacement costs). Given the large geographical area that the clinic serves, some
clients travel long distances to receive their prosthetic care; female clients and young
clients tend to travel the longest distances. Those residing furthest from the clinic
usually have fewer visits in their first two years of becoming a client and wait longer
after amputation before they are fitted with a prosthetic device. Although on average,
clients are fitted within a year. Clients with transradial limb loss tend to have shorter
time to first fitting and more frequent initial visits than clients with partial hand
amputations. Finally, clients of the clinic use myoelectric prostheses more than was
reported in other studies, although there are no differences between genders or between
adults and children in terms of prosthetic device choice.
Type of Loss (Congenital and Acquired)
Fifty seven percent of clients of the Atlantic Clinic for Upper Limb Prosthetics
have an acquired upper limb amputation. This study found that more females have a
congenital limb deficiency than males, similar to the results found in a study by Kyberd
et al. (1997) from the Oxford Limb Fitting Centre, which stood out from previous
literature that indicated that females and males had comparable rates of congenital limb
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absences (Atkins, Heard & Donovan, 1996). Moreover, at the clinic, a greater
percentage of males have an acquired limb deficiency than females which supports the
literature (Dillingham et al., 2002; Ziegler-Graham et al., 2008). Additionally,
congenital clients tend to be younger, which is expected as clients with congenital limb
absence are generally seen at a very young age, whereas an acquired amputation usually
happens later in life. In the client population, only four of the 31 children have an
acquired amputation.
Clients with congenital amputations have the highest rates (64%) of transradial
limb loss, while the acquired group have more partial hand and forequarter amputations
than congenital clients. Moreover, clients with congenital limb loss reside further from
the clinic and travel longer distances to receive their prosthetic care. This finding is
expected, given that War Amps provides funding for travel expenses for children with
limb deficiencies. War Amps is the primary source of funding for 94% of clients with
congenital limb loss, compared to 25% of acquired amputees. Acquired amputees
primarily depend on funding from insurance and worker’s compensation.
Although the frequency of initial visits and time to first fitting is greater for
clients with congenital limb loss, it does not statistically differ from acquired amputees.
However, primary type of prosthesis used does differ based on type of loss, where most
(72%) congenital amputees use a myoelectric device compared to 55% of acquired
amputees. Conversely, body powered prostheses are used by 15% and 3% of acquired
and congenital amputees, respectively.
Hypothesis 1B
Congenital and acquired limb amputees demonstrate differences associated with
the social determinants of health. Results indicate that congenital and acquired amputees
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demonstrate differences associated with gender, biology and genetics (i.e., level of loss
and age), healthy child development (i.e., child versus adult), physical environments
(i.e., distance), income (i.e., funding source), and health services (i.e. prosthetic device);
although income, frequency of initial visits and time to first fitting are not associated
with differences among congenital and acquired amputees.
In the present study sample, acquired amputees are mostly male, while
congenital limb loss is mostly experienced by females. Congenital amputees are younger
and only 13% of children have an acquired amputation. Transradial is the most common
level of limb loss in congenital clients. Moreover, congenital clients live further from the
clinic and their primary source of funding is War Amps, whereas acquired amputees also
depend on insurance and worker’s compensation coverage. The frequency of initial
visits and time to first fitting does not differ between congenital and acquired amputees.
Finally, congenital amputees are more likely to use a myoelectric device than acquired
amputees, and only 3% of congenital amputees use a body-powered device.
Loss to follow up
Most studies on upper limb absences report prosthetic acceptance and rejection
rates (Sturup et al, 1998; Wright et al., 1995) rather than reporting clients lost to followup, meaning rates of loss to follow-up in this study cannot be exactly compared given
that prosthetic rejection is only one of the reasons clients are lost to follow-up.
Therefore, comparisons must be interpreted with caution. Aspects of clients lost to
follow-up are examined using the predisposing, enabling/impeding and need factors
from Andersen’s Model of Health Care Utilization.
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Predisposing factors
Type of Loss. There is a greater percentage of acquired than congenital
amputees in the inactive group, although differences are not statistically significant,
therefore type of loss is not found to be related to clients who are lost to follow up.
Gender. Gender is not related to loss to follow-up. Of the clinic population, 40%
of females and 41% of males are lost to follow-up. These results are similar to the
prosthesis rejection rate for male (38%) and females (35%) as reported by Wright and
colleagues (1995) but differs from more recent findings that women are more likely than
men to reject a prosthetic device (Biddiss & Chau, 2007b; Østlie et al., 2012a).
Age. In 2007, Biddiss and Chau found children were more likely to reject a
prosthetic device than adults. In comparison, results from this study indicate that adults
are more likely to become lost to follow up than children, and that overall, mean age is
higher for clients who are lost to follow up. This aligns with Østlie et al. (2012a)’s
findings that the elderly are more likely to reject a prosthesis.
Level of Loss. Of the clinic population, those with partial hand amputations are
more likely to be lost to follow-up by the clinic, while clients with transradial absences
are more likely to remain active clients. Biddiss and Chau (2007b) also found that clients
with transradial limb absences had the highest rates of prosthetic use, while above-elbow
and below-wrist amputees were the most likely to reject a prosthesis.
Enabling/Impeding factors
Distance from clinic. Results show that those who are lost to follow up tend to
reside further from the clinic than active clients, although province of residence is not
related to clients lost to follow up. Distance travelled to receive upper limb prosthetic
care has not been extensively studied, although it is an important enabling factor to
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consider for clients of the ACULP given the large geographical area that the clinic
serves.
Income. Even though 58% of inactive clients reside in an area with a household
median total income of less than 50,000$ and there is a greater proportion of active
clients in the two higher income levels, income is not statistically related to clients
becoming lost to follow up. These findings differ from what is discussed in the
literature, that income can be a barrier to prosthetic use and accessing services
(Gallagher, O’Donovan, Doyle, & Desmond, 2011; Marilynn & Telford, 2004). The fact
that lower income levels are not related to clients being lost to follow-up could be
explained by the level of coverage received from various agencies, and that 59% of
clients’ primary source of funding is War Amps, a major financial contributor to
prosthetic care expenses in Canada.
Funding received. War Amps is the primary funding source for both active and
inactive groups and results show that becoming lost to follow up was not related to
funding source. Although a survey by Biddiss et al. (2011) found that 48% of
respondents who did not use their prosthesis considered the cost of the device an
influential factor in their choice of not wearing it and replacements and repairs can be
very costly for individuals when they are not covered by an outside funding source.
Time to first Fitting. Unlike a signicficant portion of the literature (Biddiss &
Chau, 2009), this study finds no association between time to first fitting and client status,
with the mean time to first fitting for the active and lost to follow-up clients being 11.5
and 11.1 months respectively. Both groups are fitted within a year of amputation,
differing significantly from a study by Biddiss and Chau (2007b) which found that
although prosthetic users were fitted within a median of 11 months, prosthetic rejecters
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were fitted within a median of 3.9 years after amputation. Given that time to first fitting
is not related to loss to follow-up in this particular study and contradicts most of the
literature, this could be explained by the fact that most clients of the clinic are fitted
within 12 months of amputation.
Frequency of initial visits. Similarly, frequency of initial visits is not found to
be related to whether clients are lost to follow up. While this study only examines the
number of visits during initial contact with the clinic (i.e. first two years), Biddiss and
Chau (2007b) found that amputees with more frequent contact with health care providers
were more likely to be using their prosthesis.
Need factors
Prosthetic Type. Results show that primary type of prosthetic device used at the
time of last visit is related to loss to follow up. The active group is more likely to use a
myoelectric device, while those lost to follow-up are more likely to be using a passive
device. This is similar to findings from Biddiss and Chau (2007b) that the lowest
rejection rates are for myoelectric devices and the highest rejections rates are for passive
devices.
Hypothesis 2A
Differences between active clients and clients lost to follow-up are associated
with gender, biology and genetics, healthy child development, physical environment,
income and social status, and health services. The predisposing factors related to clients
becoming lost to follow-up by the clinic, are age and level of loss. The only enabling
factor associated with clients being lost to follow-up is distance from the clinic, and
primary prosthetic device is the need factor found to also be associated with client status.
Type of loss, gender, income, funding received, time to first fitting and frequency of
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initial visits are not associated with loss to follow up. Framed through the lens of the
social determinants of health, biology and genetics (i.e. age, level of loss), healthy child
development (i.e. age group), physical environments (i.e. distance from clinic) and
health services (i.e. type of prosthetic device) are related to clients being lost to followup.
Discontinued Prosthetic Care Sub-group
Of the group of clients that were lost to follow up, 23 clients had come to the
clinic for one to three initial visits and never returned to continue their prosthetic care.
Results show that there are no children in this group, and clients are more likely to be
acquired amputees, to be men, and/or to have a partial hand amputation. There are no
statistically significant differences in distance from clinic, province of residence and
income level between the two groups, although the 23 clients who did not returned after
their initial visits have, on average, fewer visits in the first two years than the rest of the
clinic population. Time to first fitting, funding source and prosthetic device type were
not included in analyses as these 23 clients were never fitted for a prosthesis, therefore
no information for these three variables was recorded.
Hypothesis 2B
There are differences between those who only attend the clinic for their initial
visits and never return versus those who return to the clinic for consistent prosthetic
care. For the sub-group that did not return to the clinic after their initial visits, the
predisposing factors related to their discontinuation of prosthetic care are type of loss,
gender, age group, and level of limb loss. The enabling factor associated with clients not
returning to the clinic after their initial visits is frequency of initial visits. Time to first
fitting, funding source and type of prosthetic device are not applicable to this group. In
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terms of the determinants of health, gender, biology and genetics, healthy child
development, and health services are related to clients not returning to the clinic for
consistent prosthetic care.
Advantages and Limitations
The greatest advantage of the Atlantic Clinic of Upper Limb Prosthetics database
is the uniqueness of the data that it contains. Given that the data dates back over 35
years, the clinic has been following some clients for most of their lives, and the data
have been collected by a team of experts and professionals in the field of prosthetics.
Other agencies or organizations often stop collecting data or following prosthetic care of
children when they reach adulthood; the database used for this study is unique because it
captures the transition of children into adulthood in a cohort of Atlantic Canadians.
A major limitation of the clinic’s data is that the information collected is limited
to no more than what is required for the prosthetic care of clients, therefore it did not
contain specific information that the research would have liked to explore, such as
additional social determinants of health (e.g. culture, social supports, level of education)
and psychosocial factors (e.g., mental wellness, coping skills). Since the researcher did
not collect the data, she had no control over the contents of the data set. However, given
that some of the clients in the database are deceased, have abandoned prosthetic care or
have been lost to follow-up, it would have been difficult or impossible for the researcher
to collect data from these individuals. In addition, research questions related to clients
lost to follow-up could not have been explored if data had been collected by the
researcher, as these clients are no longer accessing services from the clinic.
Given the interrelation of all of the social determinants of health, those not
examined in this study could be considered confounding variables and should be
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examined in future research. Another limitation of this study is that income of
individuals is inferred based on the region (i.e. FSA code) in which they live, and there
is no way of verifying if the individual’s actual income corresponded to the median
household total income of their FSA code.
Recommendations and Future Research for the Atlantic Clinic for Upper Limb
Prosthetics
This study proposed not only to provide the Atlantic Clinic for Upper Limb
Prosthetics with insights about the client population through the lens of the social
determinants of health, but also to make recommendations for future data collection.
While it could be beneficial for research purposes to collect information on social
support networks, education and literacy, social environments, personal health practices
and coping skills, and culture, the clinic only collects information they deem necessary
for the prosthetic care of its client. Yet it is recommended that employment type be
recorded as part of visit information, as the implications of prosthetic use on
employment (e.g., type of device chosen, ability to keep up with repairs and attend clinic
visits) are extensively discussed in the literature.
Moreover, future research at the clinic could include a qualitative study
consisting of a survey sent to active and inactive clients of the clinic. This would provide
an opportunity to explore the social determinants of health and psychological factors
associated with prosthetic use that were not examined in the present study (e.g., social
supports, culture, education and literacy). This could help the clinic team identify gaps
in other services related to prosthetic rehabilitation (e.g., support groups, mental health
services, employment aid) that they do not offer themselves but could then provide
appropriate referrals and information to clients.
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It is also recommended that the clinic change the criteria for categorizing
children and adults as inactive. A review of the literature and practices in other
jurisdictions may be needed to identify if a shorter length of time could be used to
identify children as inactive, given that 15 years is most of a child’s life. It is more likely
that an adult could still be using a prosthetic device for almost 15 years without a visit to
the clinic as adult bodies are no longer growing, whereas a developing child would need
prosthetic adjustments far more frequently as they age and would not be able to keep
using the same device for more than a few years. Therefore, by reviewing current best
practices and research, ACULP staff could identify the appropriate lengths of time
needed to categorize children and adults as inactive.
Clients are typically referred to both the ACULP and SCCR by their family
physician and their first visit at the clinic consists of an assessment by a prosthetist, a
physiatrist and an occupational therapist. The ACULP recommend that children born
with a congenital limb deficiency be referred by 6 months of age, yet referrals are often
delayed and children may be closer to 18 months old before they are referred to the
clinic. Staff members from the clinic have explained that delays in referrals may be due
to a lack of awareness about the clinic and the services they provide. These delayed
referrals can affect the time to first fitting of clients, and as discussed in the literature,
time to first fitting is linked to device abandonment (Biddiss & Chau, 2009). It is
recommended that the clinic develop a plan for an awareness campaign to help initiate
referrals. Increasing knowledge of the clinic to primary care providers and other health
care professionals could lead to better referral times and shorter times to first fitting.
Finally, it is recommended that the ACULP develop a protocol for client followup. Currently, much of the follow up with clients is done informally and inconsistently.
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When clients leave the clinic with their prosthetic device, they are encouraged to contact
the clinic if they experience any issues with the device, but there is no process for the
clinic to reach out to them and no follow-up appointments are pre-determined.
Developing a process for follow-up could help the clinic identify clients who have been
lost to follow-up, or may even encourage clients to return to the clinic. With
advancements in technology since the clinic opened in 1981, it is recommended that the
clinic also explore videoconference and teleconference options as methods of follow-up.
This use of technology could be particularly beneficial for clients who reside far from
the clinic and for children who often require more consistent visits as they age.
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Conclusion
As stated by Biddiss and Chau (2009), “the power of the Anderson behavioral
model lies in its ability to structure healthcare utilization as a function of factors that can
be improved upon relatively easily (i.e., enabling resources) and those that are difficult
or impossible to change” (p. 190). Therefore, the social determinants of health are well
aligned with this theory of health care utilization as some (e.g., gender, biology and
genetics) cannot be changed, while others (e.g., income, health services) have the ability
to be improved. Yet it is important for clinic team members to be aware of trends, to
understand that amputation and prosthetics use affect individuals differently based on
some of these factors and to know which client factors could make them more
susceptible to becoming lost to follow-up. Additionally, for those social determinants of
health on which the clinic can have an impact (e.g., health services), the findings of this
study could lead to changes in prosthetic service provision. Moreover, the data in this
study have been collected and analyzed with the active participation and support of the
ACULP; the clinic is confident that the results of this study will inform future clinical
practice.
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Appendix A

Individual Characteristics
Predisposing Factors.
Gender, type of loss (congenital/acquired), level of limb deficiency, age
Enabling/Impeding Factors.
Distance from clinic, income, funding, time to first fitting, frequency of initial
visits
Need Factors.
Primary type of prosthetic device

Health Behaviours
Use of health services.
Loss to follow-up (Active/inactive)
Continued prosthetic care (Returned/not returned)

Andersen’s Behavioural Model of Health Service Use was modified for the proposed
study. Adapted from “National Health Surveys and the Behavioural Model of Health
Services Use” by R. M. Andersen, 2008, Medical Care, 46(7).
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