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Precision 
treatment
Nanoparticles may be the key to 
treating spinal cord injuries with 
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methods of treatment. (p.20)

BDD therapy
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cognitive biases in concert 
with traditional treatments for 
more effective results (p.6)
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The Canadian Journal of Undergraduate Research (CJUR) is pleased 
to present to you Volume 5 Issue II. Over the years, CJUR’s mission 
has been to provide undergraduate students across Canada with 
the opportunity to share their research with a public audience and 
gain experience with academic publishing. Our journal understands 
the value of engaging in research at the undergraduate level, and 
we strive to provide an arena for multidisciplinary dialogue and 
support students in their endeavours of becoming researchers.

As 2020 comes to a close,  we reflect on this unique year where 
we watched history being made in front of our very own eyes. As 
we transitioned online, we made drastic changes to our everyday 

lives. CJUR believes showcasing students’ work is as important as ever during this time. This 
year, CJUR has recruited over 100 graduate students, post-doctoral fellows, and professors to 
continue building a credible reviewer database. We have reached out to student organizations 
across Canada to collaborate on projects and provide workshops on academic writing and 
publishing. I commend everyone who has persevered during this time, and applaud the 
students who have continued their research. We look forward to receiving more submissions 
and expanding our network in 2021.

This issue includes submissions from the University of British Columbia, University of 
Victoria, University of Ottawa, and Mount Royal University. Eachmanuscript has undergone 
two extensive review stages by graduate students and professors specializing in the respective 
field of research.

CJUR recognizes and supports diverse disciplines, and encourages the communication of 
complex perspectives and methods in the natural and life sciences, social sciences, arts, and 
humanities. Each manuscript in this issue reflects the efforts undergraduate students put into 
research, and I hope you join us in celebrating their work.

Thank you for your continued support and I hope you enjoy Volume 5 Issue II.

Yours sincerely, 

Mahta Amanian BSc
Microbiology & Immunology

Letter from the editor-in-chief
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Jacqueline Carhoun 1, Madeleine Topfer 1

1 University of Victoria, Victoria, British Columbia

INTRODUCTION

Body dysmorphic disorder (BDD) is a psychiatric disorder 
that is defined by such features as an incessant fixation 
on perceived imperfections in physical appearance and is 

a relatively common and debilitating disorder (Fang & Wilhelm, 
2015). BDD’s symptoms in the DSM-5 are described as comprising 
a distress or impairment in social, occupational, or academic 
areas of functioning among others, due to intrusive thoughts 
regarding an imagined flaw in their appearance (American 
Psychiatric Association, 2013; Phillips et al., 2014). Furthermore, 
BDD is classified as an obsessive-compulsive and related disorder 
and diagnosis requires the presence of repetitive behaviours or 
mental acts (Schieber et al., 2015). A population-based survey 
performed in the USA found that the prevalence of BDD was 2.4% 
among adults aged 18 or older (Koran et al., 2008). In addition, 
BDD is associated with an increased risk of suicidal ideation and 
attempted suicide (Rief et al., 2006).

Patients diagnosed with BDD are described as having a fear of 
negative peer-evaluation, which may influence their body image 
concerns and how they view their social desirability (Buhlmann 
et al., 2006). Individuals with BDD have delusional or greatly 
exaggerated thoughts about their body image, which differentiates 
them from those with image concerns about actual deformities; 
in a person with BDD, there is no such flaw in their appearance, 
or the flaw is smaller in proportion to the person’s perceptions 
of it (Phillips et al., 2010). These delusions could be a result of 
differences in their perceptual mechanisms (Fang & Wilhelm, 
2015). For example, studies have hypothesized that participants 
with BDD, when compared with controls, will stare longer at their 
faces in a mirror due to a delusion that flaws in their physical 
appearance are greater than in reality (Veale & Riley, 2001; 
Möllmann et al., 2020). The consensus in current research is that 

BDD comprises deficits in visual processing mechanisms, which 
is observed in their misperceptions about flawed details in their 
appearances (Stangier et al., 2008; Feusner et al., 2010b; Jefferies 
et al., 2012; Toh et al., 2017a).

The findings discussed in this review highlight the importance 
of researching BDD patients’ visual processing abnormalities as 
a target for treatment. The majority of BDD treatments do not 
attempt to ameliorate these deficits and tend to focus instead on 
the distressing symptoms (Phillips, 2014). Current treatments 
for BDD are founded in cognitive behavioural therapy (CBT) 
programs, such as psychoeducation, motivational and cognitive 
interventions, prevention of rituals, and perceptual retraining 
(Fang & Wilhelm, 2015). Although these forms of treatment can be 
effective, BDD has high rates of comorbidity with disorders such 
as, major depressive disorder and obsessive compulsive disorder 
that could affect the treatment response (Grant & Phillips, 2005). 
Further research is needed to improve treatments that could help 
prevent or ameliorate the chronicity, morbidity, and mortality 
associated with BDD (Phillips, 2014).

With future research on BDD, we can more effectively treat, 
diagnose, and understand the disorder. In this review, we focus 
on the face processing deficits in BDD revealed by face perception 
and emotion recognition studies. At the end of the review, we 
discuss the implications of the literature on face processing for 
developing innovative intervention programs to treat BDD.

REVIEW

BDD and face perception
Clinical studies have shown that individuals with BDD explicitly 
attend to a specific feature of their appearance and disregard the 
rest (Fang & Wilhelm, 2015). This pre-occupation may relate to 

Abstract  Body dysmorphic disorder (BDD) is a mental disorder where an individual 
becomes so fixated on an exaggerated flaw in their image that it interferes with their 
daily lives. Current research shows that patients with BDD have deficits in visually 
processing faces and bodies, such that they rely on local (detail-oriented) processing. 
By contrast, the typical person processes faces as a whole using global (holistic) 
processing. This reliance on local processing may be a mechanism through which 
patients with BDD focus on minute flaws in their appearance, exacerbating their 
symptomatology. Furthermore, patients with BDD are more likely to incorrectly 
perceive others’ facial expressions as being negative, further contributing to their 
emotional symptoms. Well-known treatments for BDD, such as cognitive behavioural 
therapy (CBT) and pharmacotherapy, are effective, but do not target the patient’s 
visual processing deficits. Targeting the visual processing deficits could help alleviate 
the symptoms of BDD and decrease the chances of relapse. Future research should 
target BDD’s distressing symptoms and visual processing deficits, creating a better 
treatment program.
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altered perceptual processing of faces: most individuals process 
a face by perceiving it as a whole image, a process called holistic 
processing (Richler et al., 2009). By contrast, individuals who use 
local processing perceive a face in terms of its individual features 
(e.g. nose, mouth, eyes) (Richler et al., 2009). One method of 
disrupting holistic processing is to turn the image of a face upside-
down - although all objects are more difficult to recognize when 
they are turned upside-down, inversion disproportionately impairs 
the recognition of faces, a phenomenon known as the face inversion 
effect (Yin, 1969). Studies have shown that inverting a face forces 
participants to process the face in terms of its individual parts 
than as a whole (Rossion, 2008). 

Using inversion tasks to compare global and local processing 
mechanisms, researchers have found that individuals with 
BDD tend to process faces and objects at a detailed level rather 
than using holistic processing (Beilharz et al., 2016; Beilharz et 
al., 2017; Beilharz, 2019; Feusner et al., 2010b). Feusner et al. 
(2010b) applied the inversion manipulation to observe processing 
differences between participants with BDD and healthy controls. 
Their paradigm used a recognition task with upright and 
inverted faces that were presented for short (500ms) and long 
(5000ms) durations (Feusner et al., 2010b). The results showed 
that participants with BDD demonstrated less of an inversion 
effect compared to controls, which was consistent with their 
tendency to process faces locally (Feusner et al., 2010b). Although 
this difference between participants with BDD and controls 
was found for longer presentation times, none was observed for 
short durations, which suggests that BDD participants may be 
processing fast presentations globally/holistically (Feusner et 
al., 2010b). This could explain why individuals with BDD have 
distorted perceptions of their faces; specifically, abnormal visual 
processing contributes to thoughts of perceived flaws in their 
appearance (Feusner et al., 2010b). Furthermore, longer durations 
may allow enough time for participants with BDD to process the 
details of the face, whereas in shorter durations holistic processing 
capabilities seem to be intact (Monzani et al., 2013). It may 
therefore be useful to further study how different durations alter 
the processing of faces and other visual stimuli by individuals with 
BDD.

Rather than using holistic processing, individuals with BDD exhibit 
a heightened perception of minute changes in faces (Stangier et 
al., 2008). In Stangier et al.’s (2008) study, participants with BDD 
were presented with original faces, followed by an altered version. 
Alterations included pimples, scars, varying distances between 
features, different nose sizes, and hair loss. The controls and the 
BDD group were then asked to rate the degree of change from 0 
to 5 (0 indicating no alteration and 5 extremely altered (Stangier 
et al., 2008). Stangier et al. (2008) found that the BDD group 
was significantly more accurate than controls in identifying the 
alterations, which suggests that individuals with BDD are more 
sensitive to small changes in the face when compared to standard 
beauty expectations. This study highlights that over-reliance on 
local processing may affect the symptomatology of BDD such that 
normal features or small flaws may be misinterpreted as being 
large defects, resulting in delusions of facial unattractiveness 
(Stangier et al., 2008). Furthermore, engaging patients with BDD 
into relying on global processing mechanisms in novel treatment 
programs may lessen unrealistic perceptions of their appearances 
(Beilharz et al., 2016). 

Monzani et al. (2013) observed global mechanisms in participants 
with BDD to determine if a failure of holistic processing contributes 
to the reliance on feature-based processing found in BDD. The 
researchers used the face inversion task with four conditions 
(upright faces, upright houses, inverted faces, and inverted houses), 
presenting each image for 250 ms (Monzani et al., 2013). The 
participants responded whether the two images were the same or 
different (Monzani et al., 2013). Accuracy rates and reaction times 
were recorded; no significant difference between the control and 
BDD groups were found (Monzani et al., 2013). They concluded 
that their contrasting results may be due to the short duration 
of presentation, indicating that holistic processing mechanisms 
were still intact (Monzani et al., 2013). Monzani et al. (2013) 
suggest that studies that have found less of an inversion effect in 
participants with BDD under longer durations could attribute 
their results to the participants’ having had enough time to involve 
more local processing. Another reason for the conflicting results 
could be the stimuli used in the experiments: patients with BDD 
have been reported to compare their facial features with those 
of famous individuals (Monzani et al., 2013). A study using the 
famous faces task found that participants with BDD recognized 
inverted famous faces more accurately than did controls, which 
was attributed to their reliance on local processing (Jefferies et 
al., 2012). Due to the variety of results from studies on BDD, 
observing the differences between processing of famous faces 
and of anonymous faces is necessary for future investigations, as 
individuals with BDD frequently compare themselves to famous 
individuals and may thus be extremely familiar with those used in 
studies (Monzani et al., 2013). 

 BDD patients’ attention to local rather than global features in 
viewing faces and other objects is hypothesized to correspond 
with abnormalities found in neurological studies (Fang & 
Wilhelm, 2015; Feusner et al., 2007; Feusner et al., 2011). 
Brain imaging studies indicate a left-hemispheric local bias in 
individuals with BDD, which is consistent with the behavioural 
results, demonstrating that BDD’s processing abnormalities are 
not only attributable to the behavioural symptoms associated with 
BDD – the left hemisphere has been characterized as being more 
analytical, and the right hemisphere more global (Buchanan et 
al., 2014; Grace et al., 2017a; Grace et al., 2017b; Fang & Wilhelm, 
2015; Feusner et al., 2007; Moody et al., 2015, Bradshaw et al., 
1976).

Collectively, these behavioural and neuroimaging findings suggest 
that the clinical characteristics associated with BDD might be 
related to a local processing strategy (Buchanan et al., 2014; Grace 
et al., 2017a; Grace et al., 2017b; Fang & Wilhelm, 2015; Feusner 
et al., 2007; Moody et al., 2015). If individuals with BDD attend to 
the details of a face, they might be more prone to fixate on its small 
imperfections than individuals without BDD who look at a face 
more holistically (Stangier et al., 2008). Overall, BDD’s processing 
deficits may contribute to their negative symptoms (Feusner et al., 
2007; Feusner et al., 2011). Future treatments should target this 
global perceptual difference to successfully treat BDD (Beilharz, 
2019).

BDD and emotion recognition
Current research suggests that people with BDD also have an 
abnormal mechanism for processing emotional expressions 
(Grace et al., 2019). Processing emotional expressions is critical for 
everyday social interactions, and deficits in this area are associated 
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with significant social impairment (Behere et al., 2008). A study 
using identity-matching tasks with emotional expressions found 
that participants with BDD returned slower mean reaction times 
than controls and that they made more errors matching faces with 
emotional expressions but not for matching neutral faces (Feusner 
et al., 2010a). Feusner et al. (2010a) concluded that deficits in 
emotion recognition are rooted in BDD patients’ abnormal visual 
processing mechanisms. 

BDD patients seem to be biased towards interpreting expressions 
as being negative compared to controls (Buhlmann et al., 2004; 
Buhlmann et al., 2006; Grace et al., 2019; Johnson et al., 2018). 
A study on emotion recognition in BDD by Buhlmann et al., 
(2006) gave participants a photograph and described for them 
a situation about themselves (“self-referent”) or another person 
(“other-referent”); for example, a self-referent scenario was 
presented as: “Imagine that the bank teller is looking at you. What 
is his facial expression?”; an example of other-referent scenario 
provided was: “Imagine that the bank teller is looking at a friend 
of yours. What is their facial expression?”. Buhlmann et al. (2006) 
found that participants with BDD identified contemptuous and 
angry expressions in the self-referent scenarios more often than 
controls, but not for other-referent scenarios. Buhlmann et al. 
(2006) concluded that BDD patients generally have poor insight 
on their own facial features, which also leads to a bias towards 
interpreting other people’s emotional expressions as being negative 
towards themselves even when this is not the case. Further, their 
impression of negativity reinforces their own concerns about their 
appearances, as well as disrupting their view of their personal 
social desirability, perhaps interpreting negative facial expressions 
as social rejection (Buhlmann et al., 2006). 

Another study researched how participants with BDD processed 
their own faces using eye-tracking technology (Toh et al., 2017b). 
Toh et al. (2017b) used black-and-white photographs of six models 
who displayed six universal facial expressions (anger, disgust, fear, 
happiness, sadness, and surprise), one neutral facial expression as 
a control condition, and a photograph of the participant’s own 
face displaying a neutral expression. Each photograph was shown 
for 8 seconds and was then followed by a 2-second interval for the 
participant to respond (Toh et al., 2017b). Toh et al. (2017b) found 
that participants with BDD had fewer fixations and a diminished 
visual attention to the noticeable features of their face compared 
to controls. Interestingly, the attention of participants with BDD 
lingered on other people’s faces for longer durations than they did 
on their own faces (Toh et al., 2017b). Toh et al. (2017b) also found 
that participants with BDD showed a recognition bias towards 
angry faces, indicating a susceptibility to misidentifying facial 
expressions. The results of this study show that BDD patients 
have limited abilities in scanning their own faces and suffer facial 
expression recognition deficits (Toh et al., 2017b). Toh et al. (2017b) 
interpreted their findings as an indication that patients with BDD 
may be reluctant to analyse their own facial features and suggested 
that treatment strategies can aid emotion recognition by altering 
the eye-tracking mechanisms of patients with BDD. Deficits in 
emotion recognition may be due to negative self-evaluation of 
their appearances, leading to delusional thoughts of rejection 
or negative judgement from others (Bjornsson et al., 2010; 
Buhlmann et al., 2004; Buhlmann et al., 2006; Fang & Wilhelm, 
2015; Feusner et al., 2010a; Grace et al., 2019; Stangier et al., 
2008). Future interventions for BDD should target negative self-
evaluations by focusing on deficits in processing and interpreting 

emotions (Grace et al., 2019).

Developing perceptual treatments for BDD
The most frequently applied and effective treatment for BDD 
includes a combination of CBT and pharmacotherapy, like selective 
serotonin reuptake inhibitors (SSRIs) (Dong et al., 2019). CBT 
reinforces positive behaviours and emotional patterns of thinking 
that help the individual cope with personal challenges (Dong 
et al., 2019; Fang & Wilhelm, 2015). SSRIs are used to improve 
symptoms of obsessive thinking and compulsive behaviours in 
BDD (Phillips & Hollander, 2008). In addition, there are non-
psychiatric treatments such as cosmetic surgery (Veale, 2000). 
However, these have not shown significant improvement on 
BDD symptoms, and have worsened personal concerns and 
symptomatology in individuals with BDD (Beilharz, 2019; Veale, 
2000; Bowyer et al., 2016). Overall, numerous meta-analyses have 
suggested further research into the long-term efficacy of treating 
BDD with CBT, pharmacotherapy, and non-psychiatric treatments 
to target the high rates of relapse associated with BDD (Harrison 
et al., 2016; Prazeres et al., 2013; Phillipou et al., 2016; Beilharz, 
2019). Although current treatments have beneficial aspects for 
BDD patients, they do not target the visual processing deficits that 
could be causing the symptoms (Beilharz et al., 2017). Targeting 
the visual processing deficits of BDD could help prevent relapse 
while also remediating the distressing symptoms in the long-term 
(Beilharz et al., 2017).

Treatments concerning eye movements combined with cognitive 
behavioural programs show promise as an effective treatment 
for BDD (Toh et al., 2017b). Understanding an individual’s eye 
movements could identify differences in visual processing from 
controls, which could help create a new treatment program targeting 
inaccuracies in facial processing and emotion recognition (Toh 
et al., 2017b). More specifically, introducing new eye movement 
mechanisms to target overreliance on local processing and train 
individuals with BDD to rely on holistic processing could be an 
effective treatment (Toh et al., 2017b). An eye tracking training 
program could incorporate a top-down strategy emphasizing the 
global qualities of a face, as well as a bottom-up approach that 
focuses on the processing of finer details (Beilharz at al., 2017).

Alternative treatment strategies could also involve aspects of mirror-
checking behaviour in people with BDD, such as mirror exposure 
therapy (MET) (Griffen et al., 2018; Möllman et al., 2020). MET is a 
methodical and repetitive treatment strategy that helps individuals 
view themselves in a mirror (Griffen et al., 2018). Therapists direct 
the patient’s gaze and modify the amount of time they spend 
looking into a mirror to create a healthier self-image (Griffen et al., 
2018). Some individuals with BDD tend to concentrate on precise 
areas of their face and body when viewing themselves in the mirror, 
magnifying the concerns about their appearance (Beilharz, 2019; 
Silver & Farrants, 2016; Veale & Riley, 2001). By contrast, some 
individuals with BDD avoid the features that preoccupy them when 
viewing themselves in a mirror but continue to obsessively look at 
themselves (Griffen et al., 2018). Other individuals may find their 
reflections aversive and avoid mirrors in general (Beilharz, 2019). 
MET has been used as an effective treatment strategy for individuals 
with eating disorders or immense disapproval of their own body or 
face (Griffen et al., 2018). MET can be combined with CBT to alter 
the perceptual abilities of individuals with BDD, retraining them 
using photographs of themselves or extending mirror exposure 
times (Möllmann et al., 2020). The potential benefits of MET 
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are evident, however, further research on how it can be applied in 
combination with CBT and pharmacotherapy needs to be explored 
(Griffen et al., 2018; Möllmann et al, 2020).

CONCLUSIONS

The research discussed in this paper demonstrate the differences 
in visual processing strategies between participants with BDD 
and controls. Patients with BDD have deficits in processing faces 
holistically and focus on the details of their faces (Stangier et al., 
2008; Toh et al., 2017a). Emotion recognition studies have shown 
that patients with BDD have deficits in recognizing emotions that 
may be a result of negative self-evaluations of their appearances, 
leading to manifestations of the disorder (Buhlmann et al., 2006; 
Fang & Wilhelm, 2015). Additionally, neurological studies have 
shown differences in the processing and structure of the left cerebral 
hemisphere of participants with BDD compared to controls 
(Grace et al., 2017a; Buchanan et al., 2014). Understanding the 
perceptual aspects of BDD and its symptoms can help ameliorate 
an individual's symptomatology and body image concerns. In 
turn, this could help decrease suicidal ideation and the prevalence 
of BDD in general (Rief et al., 2006). The studies involving face 
perception and emotion recognition deficits provide evidence for 
the delusional perceptions found in patients with BDD. Future 
research should consider each one of these differences to find a 
more effective perceptual treatment strategy, such as targeting 
BDD’s bias towards local processing (Beilharz et al., 2016) and 
treating BDD’s irregular processing of negative emotions (Grace 
et al., 2019).

The authors would like to thank Dr Jim Tanaka “for all his help 

with the writing process for this paper, from the many Zoom meetings 

and discussions, to the encouragements to finishing this paper”.
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INTRODUCTION

Determining the distribution of wildlife through wildlife 
surveys is essential to conservation (Ahumada, Hurtado, 
& Lizcano, 2013; O’Brien, Baillie, Krueger, & Cuke, 

2010). Traditional wildlife survey methods such as scat and 
track transects can be expensive and time-consuming, and often 
result in misidentification or failure to detect species, hampering 
conservation efforts (Mackenzie, 2005). It is therefore important 
to select appropriate survey methods that avoid these biases 
(Miller, Nichols, McClintock, Campbell Grant, Bailey, & Weir, 
2011). Wildlife cameras overcome some of these shortcomings 
by collecting data continuously over a long period of time and by 
easing photographic identification of wildlife, thereby increasing 
the survey period and reducing the probability of detection error 
(Vine, Crowther, Lapige, Dickman, Mooney, Piggot, & English, 
2009). Vine et al. (2009) compared camera traps, hair traps, 
scat from bait stations, and spotlighting to determine the best 
survey method for a low-density red fox (Vulpes vulpes) population 
and found that camera traps provided the most consistent and 
univocal results, minimizing bias.

Despite these benefits, wildlife cameras have performance 
limitations and not all wildlife cameras perform equally 
(Meek, Ballard, & Fleming, 2015). Broadly speaking, there are 
performance disparities between “professional” and “recreational” 
camera models. Professional models are designed for research 

and incorporate higher-quality components (e.g.: sensors, camera 
lens, etc.), have more customization options, and are thus more 
expensive, whereas recreational models are intended for use by 
the general public and have limited features, resulting in a more 
affordable and user-friendly product (Newey, Davidson, Nazir, 
Fairhurst, Verdicchio, Irvine, & van der Wal, 2015). One study 
completed by Newey et al. (2015) found that recreational camera 
models are less reliable than professional models and produced a 
greater number of false positive (blank) images and false negative 
(missed detection) data. A false positive occurs when a camera 
takes a photo in the absence of wildlife. False positives can 
present issues because they consume memory, batteries, and time 
processing images (Heiniger & Gillespie, 2018). Newey et al. (2015) 
also note that recreational cameras are prone to malfunction, 
which also take up memory and drain batteries, possibly leading 
to data loss. For the purposes of this study, a malfunction is 
defined as an image that is colour-stained (Figure 1). Sometimes, 
wildlife can be identified from malfunctioned images, but in 
more serious malfunctions, the colour stain completely blocks the 
image, making identification impossible, as seen in Figure 1B.

Researchers also need to consider the specifications of wildlife 
cameras as differing specifications can result in highly variable 
data (Meek et al., 2015, p. 3). While countless studies have used 
wildlife cameras, few have considered the differences between 
models (Rovero, Zimmermann, Berzi, & Meek, 2013; Trolliet et al., 
2013; Meek et al., 2015). A study will typically use only one model, 

Abstract  Wildlife cameras allow conservation scientists to monitor wildlife. 
However, there are performance limitations associated with wildlife cameras that 
must be understood prior to their use. This study compared two wildlife camera 
models, the Spypoint Solar Trail and the Reconyx Hyperfire 2, on behalf of Calgary 
Captured, a collaborative project between the Miistakis Institute and the City 
of Calgary to determine wildlife occupancy in Calgary’s Natural Area Parks. The 
camera models were set up in pairs at 10 sites. There was no significant difference 
in detections of white-tailed deer (Odocoileus virginianus) or coyotes (Canis latrans) 
by either model, but the Reconyx cameras successfully captured two species that the 
Spypoint model failed to detect: bobcat (Lynx rufus) and deer mouse (Peromyscus 
maniculatus). The Reconyx cameras had fewer trap days because the Nickel Metal 
Hydride (NiMH) batteries supplied by Calgary Captured consistently failed in cold 
weather, whereas the Spypoint cameras’ solar panels continued to function through 
the duration of the study. Despite having had fewer trap days, the Reconyx cameras 
captured more species than did the Spypoint cameras. There was no significant 
difference in the number of false positives and false negatives produced by the 
two models, but only the Spypoint cameras produced malfunctioned images. For 
projects like Calgary Captured, the Reconyx Hyperfire 2 is a more effective camera 
model than the Spypoint Solar Trail because it captures more species and is less 
prone to malfunction. The results of this study also highlight the importance of 
choosing appropriate batteries and settings for the camera model in question to 
ensure successful use.
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so it is imperative that the selected camera has the minimum 
specifications required to fulfil the study’s needs. There can also 
be substantial variation between different units of the same model 
(Hughson, Darby, & Dungan, 2010), as camera set-up, settings, and 
the quantity of cameras used can alter the likelihood of detecting 
certain species (Rovero et al., 2013; Wellington, Bottom, Merrill, 
& Litvaitis, 2014; Meek, Ballard, & Falzon, 2016). Therefore, it is 
crucial that researchers consider not only which model, but also 
which settings to use (Driessen, Jarman, Troy, & Callander, 2017).

The purpose of this study is to examine differences between two 
wildlife camera models, the Spypoint Solar Trail and Reconyx 
Hyperfire 2, on behalf of Calgary Captured. Calgary Captured 
is a collaborative project between the City of Calgary and the 
Miistakis Institute to determine wildlife occupancy in Calgary’s 
Natural Area Parks using wildlife cameras (Miistakis Institute, 
2017). Initially, Calgary Captured used Spypoint Solar Trail 
cameras, a recreational model as stated by its manual. However, 
after a period of two years, Calgary Captured began using the 
Reconyx Hyperfire 2, a professional model, following concerns 
from Calgary Captured over potential false negatives  produced by 
the Spypoint models (Nicole Kahal, pers. comm.). It is important 
to understand the variation in performance between these 
different camera models to avoid making inaccurate conclusions 
about their results (Heiniger & Gillespie, 2018). Therefore, this 
study quantifies the difference in detection efficacy between the 
two models so that the Calgary Captured project can compare the 
data collected by the Spypoint cameras with those collected by the 
Reconyx cameras.

METHODS

Study area
10 Spypoint and 10 Reconyx wildlife cameras were placed in pairs 
at 10 sites: four sites in Weaselhead Flats (Figure 2A), one site in 
North Glenmore Park (Figure 2A), and five sites in Fish Creek 
Provincial Park (Figure 2B). Weaselhead Flats and North Glenmore 
Park are adjacent to each other, and Fish Creek Provincial Park is 
located approximately 15 km southeast of Weaselhead Flats. All 
the parks used in this study have similar habitats consisting of 
riparian zones and aspen poplar, balsam poplar, and white spruce 
forest. The sites used for this experiment are 10 of the existing 69 

Calgary Captured camera sites, which are systematically located 
near game trails and away from human trails in a 1km by 1km 
grid, except in Weaselhead Flats, where additional cameras were 
placed by Calgary Captured, resulting in a higher camera density 
(N. Kahal, pers. comm.).

Camera set-up
One Spypoint Solar Trail camera and one Reconyx Hyperfire 2 
camera were placed together at each site. An ideal setup would 
place both cameras within 1 m directly next to each other 
(Hughson et al., 2010; Meek et al., 2015). However, there was rarely 
a pair of neighbouring trees close enough to allow for this setup. 
As a consequence, both cameras were placed on the same tree at 
nine sites, with the Spypoint camera placed above the Reconyx 
camera so that the Spypoint’s solar panel would not be obstructed 
by the Reconyx camera (Figure 3A). Site 62 was the exception 
and the cameras there were placed on neighbouring trees (Figure 
3B). Camera height was measured by distance from the centre 
of the Fresnel lens to the ground (Table 1). Information on the 
specifications and settings of the cameras used in this study can 
be found in Table 2.

Camera set-up
Memory card collection took place once a week, alternating 
between the Fish Creek Provincial Park sites and the Weaselhead 
Flats/North Glenmore Park sites. As a control measure, and to 
quantify false negatives, “walk-bys” were performed each time a 
camera was checked, during which the principal researcher walked 
past each camera three times, each time at three different speeds: 
slow (0.5m/s-0.6m/s), medium (0.9m/s-1.3m/s), and fast (1.5m/s-
3.1m/s). This procedure was not performed at sites 43, 44, and 61 
due to safety concerns.

The images captured by the cameras were processed using 
Microsoft Access and sorted into trap events, which consist 
of all the photos taken of an animal during its time in front of 
the cameras (Meek, Ballard, Claridge, Kays, Moseby, O’Brien, 
O’Connell, …, & Townsend, 2014). The Reconyx cameras captured 
three pictures for every detection while the Spypoint cameras took 
one picture for every detection, so the two models’ performances 
were compared using the number of events instead of the number 
of detections. Animals were identified by species for each event. 

Fig. 1: two examples of a malfunction image collected from a Spypoint Solar Trail camera. No Reconyx camera collected a malfunction image. (A, left) 
Malfuction image in which identification is still possible. (B, right) Malfuction image in which identification is not possible.
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Image processing was conducted on a secure computer at the 
Miistakis Institute office in compliance with the Alberta Freedom 
of Information and Protection of Privacy (FOIP) Act (Province of 
Alberta, 2019).

The cameras in Weaselhead Flats/North Glenmore Park were 
active from 15 January 2019 to 3 March 2019, and those in Fish 
Creek Provincial Park were active from 27 January 2019 to 8 
March 2019. Due to the cold weather, the NiMH batteries in some 
Reconyx units repeatedly lost power, reducing the number of trap 
nights for those cameras (Table 1). Initially, one Spypoint camera 
was not working and had to be replaced with a different unit (site 
64), reducing its number of trap nights (Table 1). To control for 
these differences in trap nights, the data were standardized to the 
number of trap events per 100 trap nights (Kelly & Holub, 2008):

This is the same standard used by the Miistakis Institute and is 
referred to in their documents as the relative abundance index, 
or RAI (Miistakis Institute, 2017). Throughout this paper, the 
number of trap events per 100 trap nights will be abbreviated to 
RAI.

Microsoft Excel was used to calculate RAI values for each species. 
To increase sample size, all bird species were placed into one 
category (“bird”). Because the data were not normally distributed, 
the non-parametric Wilcoxon signed-rank test was used for all 
comparisons. JMP (version 14.1.0) was used for statistical analyses 
and graphing.

RESULTS

Throughout the study, nighttime temperatures often fell below 
the -18° operating limit specified for the NiMH batteries used 
in the Reconyx models. Consequently, only four of the ten 
Reconyx cameras functioned for the entire duration of the study. 
Furthermore, the camera locks were often frozen, which made 
changing the Reconyx cameras’ batteries impossible, exacerbating 
the problem. As a result, a substantial amount of Reconyx data 
were lost, which may have impacted the study.

Species detected
Nine species were detected during the study (Table 3). White-
tailed deer was the most commonly detected species. Bobcat and 
deer mouse were detected only by the Reconyx cameras. There 
was no significant difference between the Reconyx and Spypoint 
cameras with regards to number of coyote detections (W=-7.00, 
p=0.31; Figure 4A) or deer detections (W=12.50, p=0.44; Figure 
4B). Detection of other species did not take place at enough sites 
to allow for any statistical analysis (Table 3). Taking all species 
detections into consideration, there was no significant difference 
between Reconyx and Spypoint models (W=-0.13, p= 0.90; Figure 
4C). It should be noted that at every site the camera height of 
the Spypoint cameras was significantly higher than that of the 
Reconyx cameras (W=3.44, p=0.0006; Figure 5).

False positives (blanks) and malfunctions
All of the cameras in this study collected false positives. There 
was no significant difference between the number of false 
positives collected by the Reconyx and Spypoint cameras (W=-
15.50, p=0.13; Figure 6). There was less variation in the number of 
false positives collected by each Reconyx camera compared to the 
Spypoint cameras (Figure 6). Only the Spypoint cameras produced 
malfunctions. There was a significant difference between the 
number of malfunctions in the Spypoint cameras and Reconyx 
cameras (W=27.00, p=0.0039; Figure 7).

False negatives
No significant difference was found between the number of 
pictures taken by the Reconyx and Spypoint cameras during the 
walk-by tests at slow (W=3.00, p=0.66), medium (W = 0.00, p = 
1.00), or fast speeds (W=-1.00, p=0.89; Figure 8). One Reconyx 
camera failed to take any pictures during one of the fast walk-by 
tests. There was less variation in the number of pictures taken at 
each of the three walk-by speeds by the Reconyx cameras than by 
the Spypoint cameras (Figure 8).

DISCUSSION

Over the course of the study, the Reconyx cameras had fewer trap 
nights than did the Spypoint cameras because their batteries 
failed in the cold weather. Despite this, the Reconyx cameras still 
detected more species than did the Spypoint cameras. While the 

Fig. 2: (A, left) Google Earth image of camera sites in Weaselhead Flats (61, 62, 63, and 64) and North Glenmore Park (66). (B, right) Google Earth image of 
cameras sites in Fish Creek Provincial Park (39, 43, 44, 45, and 46).
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RAI allows for comparison of data from cameras with differing 
numbers of trap nights, the Spypoint cameras should have a greater 
probability of detecting wildlife because they were functional for 
a greater period of time (Rovero et al., 2013). Thus, based on the 
number of trap nights alone, the Spypoint cameras should detect 
more species than the Reconyx cameras. The fact that the Reconyx 
cameras detected more species in fewer trap nights suggests that 
the model has greater detection ability. 

The two species detected only by Reconyx cameras were bobcat 
(Lynx rufus) and deer mouse (Peromyscus maniculatus). Although 
Reconyx cameras have a reputation for being better able to detect 
smaller mammals (Kelly & Holub, 2008; Wellington et al., 2014) 
than the game species (e.g., deer) Spypoint cameras were designed 
to detect, there is little evidence in the literature to suggest that 
this is actually the case (Driessen et al., 2014). It was suggested 
that the reason the Spypoint cameras had lower than expected 
detection rates of bobcat was because bobcats move too quickly 
to be effectively detected (N. Kahal, pers. comm.). However, the 
walk-by tests did not find a significant difference in the number of 
pictures taken between the two camera models. In fact, the only 
camera that failed to take any photos during a fast walk-by test was 
a Reconyx camera.

Camera height has been found to account for variation in 
detection of species (Meek et al., 2016). To avoid blocking the 
Spypoint cameras’ solar panels, the Reconyx cameras were placed 
below the Spypoint cameras at nine sites. Meek et al. (2016) found 
that cameras placed 300 cm above the ground were less likely to 
detect species like red foxes and wild dogs (Canis familiaris) than 
those placed 210 cm lower at 90 cm. The greatest camera height 

in this study was 118 cm and the greatest difference in height 
between the two cameras at any site was only 31.25 cm. Moreover, 
there was no significant difference between the Reconyx and 
Spypoint cameras in the number of detections of coyote, a species 
comparable in size to wild dogs. The Spypoint cameras were also 
able to detect other small mammals such as Eastern gray squirrels 
and snowshoe hares, which are smaller than bobcats. Therefore, 
there was little indication that height difference was the reason 
the Reconyx cameras detected more species than did the Spypoint 
cameras. Camera placement is affected by many variables such 
as camera angle, distance from wildlife trails, and slope of the 
ground between the camera and wildlife trail (Meek et al., 2016). 
In this study, slope and camera angle may have affected species 
detections, although data for those variables were not collected so 
they could not be included in the analysis.

Camera settings such as trigger speed can affect the number of 
blank (false positive) images taken. If the trigger speed is too slow, 
it is possible for an animal to move through the field of view before 
a photo is taken (Wellington et al., 2014). In this study, the Reconyx 
cameras had a slower trigger speed than the Spypoint cameras, so 
the Reconyx cameras should have produced more false positives, 
which was not the case. 

Only the Spypoint cameras produced malfunctions. This supports 
Newey et al.’s (2015) results showing that recreational quality 
cameras have performance limitations. Malfunctions negatively 
impact the quality of data because researchers often cannot 
identify the species that triggered the camera detection. Thus, 
susceptibility to malfunction should be considered when selecting 
a camera model for a study.

Fig. 3: (A, left) Example of camera placement at 9/10 sites (all except site 62). (B, right) Example of camera placement at 1/10 sites (site 62).
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It was necessary to consider the variation in the number of trap 
nights in this study to be able to compare the efficacy of the two 
camera models. There are a variety of methods that have been used 
in the literature to standardize camera trap data (e.g. Carbone, 
Christie, Conforti, Franklin, Ginsberg, Griffiths, …, Sharuddin, 
2001; O’Brien, Kinnaird, & Wibisono, 2003; O’Brien et al., 2010). 
This study used the method of Kelly & Holub (2008) to calculate 
RAIs for consistency with the methodology used by the Miistakis 
Institute (2017). Sollman, Mohamed, Samejima, & Wilting (2013) 
criticizes the use of RAIs because factors such as encounter rates, 
home ranges, trap setup, and repeated surveys all affect data 
quality, so using RAIs to determine wildlife abundance without 
considering these factors can return biased results. In this study, 
the RAI values were not used to extrapolate wildlife abundances, 
but rather were used to compare data collected by wildlife cameras 
that operated for different numbers of trap nights. Using the RAI 
values for this purpose precluded much of the biases described by 
Sollman et al. (2013).

CONCLUSIONS

Despite operating for fewer trap nights, the Reconyx cameras 
detected two species that were not detected by the Spypoint 
cameras. Because the goal of the Calgary Captured project is 
to document wildlife occupancy in the city, increased species 
detection is important. Moreover, the Reconyx cameras did not 
produce malfunctioned images, whereas the Spypoint cameras 
did. While the Reconyx cameras performed well, the NiMH 
batteries used did not. Lithium batteries with a specified operating 
limit of -40° have been used in other winter camera trap studies 
in Alberta without issue (L. Gould, pers. comm.; K. Anderson, 
pers. comm.) and may address this problem. Notwithstanding the 
battery issues in cold weather, Reconyx appears to be the better 
model in meeting the goals of Calgary Captured because it did 
not malfunction and was able to detect more species than did the 
Spypoint cameras despite operating for fewer trap nights.

The advantages of using wildlife cameras over traditional survey 
methods include reduced identification errors and false negatives 
(Vine et al., 2009). Nonetheless, researchers need to be aware of 
wildlife cameras’ limitations and ensure the technology they select 
is suitable for the goals of their projects (Meek et al., 2015; Newey 
et al., 2015).
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TABLES
Table 1 Height and number of trap nights for each camera

Site no. (maximum 
trap nights) Reconyx trap nights Spypoint trap nights Height difference (cm)

39 (39) 15 39 20.04

43 (39) 9 39 18.54

44 (38) 39 39 13.99

45 (39) 15 38 14.73

46 (47) 5 39 20.32

61 (47) 47 47 12.28

62 (47) 16 47 1.01

63 (47) 47 47 21.80

64 (47) 40 37 18.80

66 (47) 47 47 31.25

Table 2 Specifications and settings of each camera model

Specification/setting Reconyx Hyperfire 2 (2018) Spypoint Solar Trail

Optical field of view (°) Not supplied by manufacturer 40°

Detection angle (°) Not supplied by manufacturer 40°

Detection range (m) Up to 30.5 1.5-24.4

Trigger speed (s) 0.2 0.07

Delay RapidFire Instant

Multi-shot 3 pictures per detection 1 picture per detection

Sensitivity High High

Battery type Nickel metal hyrdide (NiMH) Lithium (solar-powered), alkaline

Table 3 List of species detected during the study and number of sites where species were detected

Species Number of sites detecting

White-tailed deer (Odocoileus virginianus) 10

Coyote (Canis latrans) 10

Snowshoe hare (Lepus americanus) 3

Bobcat (Lynx rufus)a 1

Deer mouse (Peromyscus maniculatus)a 1

Eastern grey squirrel (Sciurus carolinensis) 3

Birds: Black-capped chickadee (Poecile atricapillus)

5Birds: Black-billed magpie (Pica hudsonia)

Birds: American crow (Corvus brachyrhynchos)
a Species detected only by Reconyx cameras
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FURTHER FIGURES (CONT'D)

Fig 5 Mean height (+/- standard error) between Reconyx (n=10) and Spypoint (n=10) cameras

Fig 6 Mean RAI of false positives (blank images) between Reconyx (mean=87.20 +/- 16.1 se, n=10) and Spypoint (mean=130.94 +/- 
39.3 se, n=10) cameras

Fig 7 Mean RAI of malfunctions between Reconyx (mean=0.00 +/- 0.0 se, n=10) and Spypoint (mean=5.01 +/- 1.0 se, n=10) cameras
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Nanomedicine: the use of nanoparticles to 
treat acute traumatic spinal cord injuries
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INTRODUCTION

The spinal cord is the bundle of nerves connected to the 
brain that extends down the spinal canal (Noonan, 2012). 
A temporary or permanent impairment of the spinal cord 

is termed a spinal cord injury (SCI) (Noonan, 2012). There are two 
general classes of SCIs: (i) traumatic spinal cord injuries (tSCIs), 
which occur due to external physical impact; and (ii) non-traumat-
ic spinal cord injuries (ntSCIs), which occur when damage is done 
to the spinal cord by means other than physical impact (Noonan, 
2012). 

In order to implement an appropriate treatment plan for an SCI, 
it is important to distinguish the type of SCI and its severity. The 
severity of SCIs can vary from acute to chronic (Beaulieu, 2018). 
Acute SCIs result from sudden trauma that is potentially repair-
able depending on the circumstances of the injury; chronic SCIs 
result from trauma that has happened over time (Beaulieu, 2018). 
SCIs often have debilitating effects on patients and can severely 
impact their quality of life (Infante, 2018). Damage to the spinal 
cord can result in tetraplegia, which indicates damage to the cer-
vical cord, or paraplegia, which indicates damage to the thoracic, 
lumbar, or sacral spinal cord (Noonan, 2012).This article will sole-
ly discuss acute tSCIs to delineate the mechanism of action of each 
treatment regarding the site of inflicted physical injury.

Research indicates that tSCIs affected approximately 43,974 Ca-
nadians in the year 2010 (Noonan, 2012). These injuries often 

have extensive recovery times, and traditional methods of treat-
ment are invasive to the human body, prolonging recovery times 
(Ho et al., 2018). Traditional methods of treating SCIs such as 
electrical stimulation often entail stimulation of a broad area in 
close proximity to the specific area of treatment (Ho et al., 2018). 
However, this does not target the affected area with specificity. 
Nanoparticles have the potential to treat SCIs more effectively 
due to their ability to perform immaculate targeting specificity 
to their assigned locality without being invasive (White-Schenk et 
al. 2015; Ellis, 2017). Nanoparticles are nanotechnological devices 
that operate at 1x 10-9m, or one nanometre (nm) (Ellis, 2017). Na-
noparticles offer a potential method of treatment for acute tSCIs 
by selectively degrading damaged nerve tissue in the spinal cord to 
promote axonal regeneration, potentially reducing patient recov-
ery time (Prabhakar et al., 2005).

METHODS

A scoping review was performed to outline the advantageous 
properties of silica, polymer, and chABC-releasing nanoparticles 
and this review explored the characteristics of these devices as 
potential treatments for acute tSCIs. The articles retrieved were 
all written in English. Secondary research was conducted at the 
University of Ottawa using the PubMed database: a narrow key-
word search using combinations of the search terms ‘tSCIs’, ‘nan-
oparticles’, and ‘proteoglycans’ was performed. A full description 
of the search strategy is presented in Table 1. The search was last 
updated October 13, 2020. No additional databases were used. 

Abstract  Spinal cord injuries (SCIs) are difficult to treat without using traditional 
invasive methods that are not always precise or efficient. Traditional methods used 
to treat SCIs often involve targeting a broad area in close proximity to the specific 
locality of the injury as opposed to direct targeting. Recent studies suggest the use of 
nanoparticles can be a viable way to treat SCIs. Nanoparticles are nanotechnological 
devices that operate on a nanometre (1x 10-9m) scale, varying in dimension from 
1-100nm. They can be designed to target an assigned area with a high degree of spec-
ificity, thus ensuring that the affected area is treated with maximum proficiency. This 
article will explore the properties of silica nanoparticles, polymer nanoparticles, and 
chondroitinase ABC-(chABC)-releasing nanoparticles to determine whether they pres-
ent a non-invasive alternative treatment for acute traumatic spinal cord injuries (tS-
CIs). A review of the literature suggests that the use of multifunctional silica-polymer 
nanoparticles can plausibly treat SCIs by maximizing the beneficial characteristics of 
both materials. Silica nanoparticles have a zero-order drug-releasing property which 
provides efficacious targeting, and when combined with polyethylene glycol (PEG) this 
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the loaded drug when it crosses the blood-brain barrier to target the SCI. In addition, 
chABC-releasing nanoparticles show promising results in treating SCIs due to their 
ability to remove glycosaminoglycans (GAGs) and promote nerve regeneration, poten-
tially decreasing the healing time of SCIs. Overall, the application of nanoparticles 
provides a potential non-invasive treatment method for SCIs in mice models. However, 
further research needs to be done to explore the potential medical applications of na-
noparticles regarding human SCIs.
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However, additional lecture material from Physical Activity, Work 
and Health Ergonomy presented at the University of Ottawa was 
included.

Study selection
After eliminating duplicate results, title and abstract screening 
was performed by the author. Then, full-text screening was per-
formed dating back to the last 15 years to retrieve relevant articles 
according to the inclusion criteria. Articles that explored the char-
acteristics of silica, polymer, and chABC-releasing nanoparticles 
as potential treatment methods for acute tSCIs were eligible under 
these criteria. The characteristics of the nanoparticles were ex-
plored and the intent of this review was to explain their potential 
applications as a non-invasive alternative method to treat acute 
tSCIs. Studies that did not report on these criteria were excluded. 
The search sensitivity was confirmed by reviewing the articles cit-
ed in each study. The search results and selection process using 
the PRISMA protocol are summarized in Figure 1.

Quality assessment
The quality of the selected articles was assessed based on their 

study characteristics and methodological approach. The two selec-
tion criteria narrowed the search to those that explored the prop-
erties of silica, polymer, and chABC-releasing nanoparticles; these 
nanoparticles were further described in terms of their potential 
as treatments for tSCIs. In terms of the methodological approach, 
articles that outlined the characteristics of the nanoparticles with 
regards to treating tSCIs were considered high-quality studies. 
Only moderate- to high-quality studies were considered in this re-
view. 

Data extraction 
The author extracted data from eligible studies from their origi-
nal publications and lecture material from Physical Activity, Work 
and Health Ergonomy which included information about the type 
of SCI, study design, intervention used, country of origin, and pri-
mary and secondary research. If the data did not comprehensive-
ly explore the characteristics of nanoparticles or did not explore 
SCIs it was excluded from the review.

RESULTS

The reviewed secondary literature indicates that nanoparti-
cle-based strategies for the delivery of neurotrophic factors to pro-
mote functional axon regeneration in the spinal cord can occur 
in an effective and safe manner (Infante, 2018). Thus, nanopar-
ticle delivery methods may be a promising alternative treatment 
for SCIs due to their non-invasiveness, precision, and specificity 
(Infante, 2018). 

Research has explored the combination of polymer and silica 
nanoparticles as a potential treatment for SCIs by maximizing 
their individual chemical properties to create multifunctional sil-
ica-polymer nanoparticles with a maximized therapeutic effect. 

Materials such as long-chain polymers have been used to treat 
SCIs in the past due to their ability to first plug the damaged 
membrane; then close the holes to prevent the entry of unwanted 
ions and molecules (White-Schenk et al. 2015). One polymer ma-
terial of interest in SCI therapy is hydrophilic polyethylene glycol 
(PEG) , a stealth polymer that is used to extend the half-life of 
therapeutics and prevent protein adsorption on the surface of na-
noparticles during opsonization (White-Schenk et al. 2015). This 
reduces the likelihood of an immune response against the nano-
particle, which makes PEGs very successful in crossing the blood-
brain barrier and targeting an assigned locality in the spinal cord 
(Rollerova et al., 2011). Silica nanoparticles are characterized as 
being mesoporous with a zero-order drug release, which enables ef-
ficacious drug-loading and accurate targeting of an assigned local-
ity (White-Schenk et al. 2015). Silica nanoparticles have cytotoxic 
properties, however they can be used in conjunction with PEG to 
maximize their beneficial properties while simultaneously reduc-
ing their cytotoxic effects, improving their aqueous stability and 
retention to reduce toxicity in vivo and in vitro (White-Schenk et 
al. 2015). One study explored the chemical properties of PEG-dec-
orated silica nanoparticles and their effect on the restoration of 
membrane integrity, axonal conductivity, and functional recovery 
in model animals (Cho, 2010). This study analyzed the in-vitro 
crush/contusion model of a SCI in a guinea pig, which was injected 
with PEG-decorated silica nanoparticles; the model showed signs 
of conduction recovery through the cord lesion (Cho, 2010). This 
suggests that the use of multifunctional nanoparticles such as sil-
ica and polymer nanoparticles may present a novel approach to 

Fig. 1: PRISMA flow diagram: a total of 169 original articles were re-

trieved of which 29 articles were considered relevant.
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treating SCIs (Rollerova et al., 2011). 

Chondroitin sulfate proteoglycans (CSPGs) are inhibitors of neu-
ral stem/progenitor cells (NSPC) whose regeneration is essential 
to the healing process of an SCI (Ikegami, 2005; Massey, 2006). 
However, the bacterial enzyme chABC has been shown to digest 
CSPGs and promote the migration of transplanted cells and neu-
rite outgrowth (Ikegami, 2005). An in vitro study revealed that 
the migration of NSPC-derived cells was inhibited by CSPG, and 
that chABC treatment combined with NSPC transplantation into 
an injured spinal cord significantly induced the axonal outgrowth 
due to an increase of growth-associated protein-43 positive fibres 
at the lesion epicentre, which is important to new neuronal growth 
(Ikegami, 2005)This suggests that chABC-based treatment may 
encourage regeneration of injured spinal cords (Ikegami, 2005). 
Another study indicated that using chABC to degrade CSPGs in 
the cuneate nucleus of rats reduced the number of CSPGs present 
in the injured spinal cord (Massey, 2006). Another study explored 
the effects of increasing the rate of delivery of chABC using nan-
oparticles to promote axonal regeneration following injury and to 
protect the enzyme from rapid degradation in a rodent contusion 
model (Zuidema et al., 2016). Although there is limited data pre-
sented in this area of research it is plausible that chABC-releasing 
nanoparticles are a potential treatment method for tSCIs due to 
their ability to remove CSPGs and promote NSPCs which are es-
sential to reducing the healing time of an SCI (Zuidema et al., 
2016).

DISCUSSION

A novel potential treatment
An injured spinal cord does not regenerate; it undergoes expansion 
and demyelination, resulting in macrophage activation, which in-
creases axon growth and motor function (Gensel & Zhang, 2015). 
A macrophage is a type of white blood cell that travels to sites of 
inflammation to remove damaged material, which is essential to 
axon growth because this helps to degrade the damaged axons and 
encourage new axonal sprouting (Gensel & Zhang, 2015). There-
fore, in order to treat these areas of inflammation with a high 
degree of specificity, it is imperative that the treatment be very 
precise (Infante, 2018). 

Because nanotechnology operates at nanometre scale, it operates 
at the molecular and atomic level (Abou et al. 2015). Nanotech-
nology includes a variety of technological devices such as nano-as-
semblers, nano-shells, and nanoparticles, which may play a role in 
treating SCIs (Ellis, 2017). Nanoparticles offer both precision and 
target specificity with regards to treating SCI-affected tissues. Nan-
oparticles are designed through layer-by-layer synthesis, each layer 
changing the characteristics of the nanoparticle, which adds func-
tionality; this makes nanoparticles programmable (White-Schenk 
et al. 2015). Nanoparticles are popularly used as a drug-delivery 
system because they are capable of crossing the cell membrane 
due to their small size (Amezcua et al., 2017). Nanoparticles are 
molecular units that behave as a whole unit during their mobile 
phase in the human body, and they can be modified with organic 
and inorganic substances, such as silica or polymer (Gupta, 2010).

Material format of multifunctional silica-polymer
nanoparticles
Silica and polymers are used to create nanoparticles because of 
their unique properties, and they have been extensively tested 

as potential platforms for drug-delivery to the spinal cord (R.N., 
2017). Silica is an inorganic compound that is used to create na-
noparticles because of its porous structure (White-Schenk et al. 
2015). Polymer nanoparticles are spherical and are a potentially 
beneficial treatment for SCIs because they have low toxicity (Rol-
lerova et al., 2011; Kreuter, 2014). Silica and polymeric nanopar-
ticles are notably capable of absorbing and encapsulating drugs 
(White-Schenk et al. 2015). 

Polymer nanoparticles release their drug load to the target area 
in the form of a burst, resulting in a controlled release (White-
Schenk et al. 2015). Polymer nanoparticles are notably much 
larger than silica particles because of their extensive bonding 
properties, which is useful in increasing the bioavailability of an 
otherwise scarce substance (White-Schenk et al. 2015). This is be-
cause polymer nanoparticles can directly interact with the desired 
substance and release it in large quantities in an assigned locality 
(White-Schenk et al. 2015). Polymeric nanoparticles are usual-
ly encapsulated via self-assembly, and as they disassemble their 
loaded drugs are released in large amounts at a time, potentially 
causing adverse side effects (White-Schenk et al. 2015). However, 
polymer nanoparticles can cross the blood-brain barrier, which is 
advantageous to SCI treatment due to the local nature of such 
injuries (Kreuter, 2014).

Silica nanoparticles on the other hand are very porous, giving 
them advantageous qualities such as zero-order drug release (i.e. a 
constant rate of release), enabling it to minimize interaction with 
the tissues surrounding an assigned area of treatment ; this is very 
beneficial because most of the loaded drug will be released in the 
affected area at a constant rate necessary for effective delivery (Uk-
mar and Planinsek, 2010; White-Schenk et al. 2015). Depending 
on the material format of silica nanoparticles conjugated with an 
appropriate polymer nanoparticle such as PEG, this multifunc-
tional type of nanoparticle could potentially be used to treat acute 
spinal cord injuries through silica encapsulation, enabling the 
programmed nanoparticle to reach its target area and deliver the 
appropriate substance (Kreuter, 2014). 

It is important that the successful treatment of an SCI entails 
stimulated and guided axon regrowth along a specific path (Zuide-
ma et al., 2016). This ensures that the axons grow in the appropri-
ate direction so that the healing process occurs properly (Zuidema 
et al., 2016). Multifunctional silica nanoparticles show promise in 
treating SCIs because of their ability to increase axonal sprouting 
through target specificity due to their zero-order drug release ca-
pability and their ability to cross the blood-brain barrier (Kreuter, 
2014). 

Based on the reviewed literature multifunctional silica parti-
cles are a more feasible treatment for tSCIs because controlled 
amounts of silica simultaneously minimize potential toxicity and 
ensure precise drug release in the targeted locality, while the pol-
ymer nanoparticles will ensure a safe crossing through the blood-
brain barrier (Kreuter, 2014). Due to the lack of clinical research 
regarding the use of silica and polymer nanoparticles, it is difficult 
to draw conclusions on whether they can be used to effectively 
treat SCIs based on the minimal assessments that have been made 
using theoretical reasoning. Thus, the results obtained in these 
controlled studies cannot be directly translated to the treatment 
of acute tSCIs. 
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Potential of chABC-releasing nanoparticles 
Glycosaminoglycans (GAGs) are linear acidic polysaccharides; 
these biomacromolecules are believed to be responsible for the 
inhibition of nerve regeneration following injury to the central 
nervous system and they constitute the side chains of CSPGSs 
(Prabhakar et al., 2005). CSPGs are major components of the ex-
tracellular matrix responsible for nerve regeneration failure (Prab-
hakar et al., 2005). Research has shown that one effective strategy 
to promote nerve regeneration is the removal of GAG side chains 
from the proteoglycan core protein in CSPGs using chABC (Mas-
sey et al., 2006).

ChABC is an enzyme that is purified from the bacterium Pro-
teus vulgaris (Chondroitinase ABC for Neuroscience Research, 
2016). This bacterium produces two related enzymes with broad 
substrate specificity; this includes chondroitinase ABC I (cABC 
I) and chondroitinase ABC II (cABC II) (Prabhakar et al., 2005). 
These two enzymes depolymerize a variety of GAG substrates in-
cluding chondroitin 4-sulphate, dermatan sulphate, chondroitin 
6-sulphate, and hyaluronic acid (Prabhakar et al., 2005). The prin-
ciple of this depolymerization methodology is to remove GAGs 
which inhibit nerve regeneration in the spinal cord and promote 
functional recovery through axon regeneration and reactivation 
of plasticity through chABC treatment (Massey et al., 2006). Re-
search suggests that there is a mobile functional change directly 
linked to anatomical evidence of sprouting by spinal cord primary 
afferents after chABC treatment, potentially decreasing the heal-
ing time of an SCI (Massey et al., 2006). Thus, the application of 
chABC in combination with precise nanoparticles increases their 
efficiency in treating SCIs (Massey et al., 2006). The application 
of chABC-releasing nanoparticles differs from that of silica and 
polymer nanoparticles: although silica and polymer nanoparticles 
would be effective in targeting and degrading the damaged nerve 
tissue of the spinal cord they do not promote nerve regeneration 
(White-Schenk et al. 2015). chABC-releasing nanoparticles remove 
GAGs from the damaged nerve tissue while still promoting rap-
id nerve regeneration (Prabhakar et al., 2005). Theoretically, this 
makes chABC-releasing nanoparticles a more effective method to 
treat SCIs

Currently, research in North America regarding the use of nano-
particles in SCI treatment is limited to model organisms, such as 
mice, to test the effectiveness of chABC releasing nanoparticles 
(Zuidema et al. 2016; Ikegami et al. 2005). chABC-releasing nano-
particles target CSPGs which are known to inhibit axon regenera-
tion by creating glial scars on the spinal cord (Justin et al., 2014). 
Glial scars inhibit repairs to brain and spinal cord damage (Justin 
et al., 2014). 

By targeting CSPGs to promote axon growth, chABC-releasing 
nanoparticles present an opportunity to improve the outcome of 
SCI treatment (Mahajan, 2018). Ikegami et al. (2005) performed 
chABC treatment combined with neural stem cell (NSC) trans-
plantation to the injured spinal cord of rats and found that this 
enhanced growth associated with protein-43 axons. Protein-43 
is also known as neuromodulin and is associated with axonal 
growth (Denny, 2006). The results of this study potentially imply 
that the use of neural stem cell transplantation in combination 
with chABC-releasing treatment may encourage axon growth and 
potentially speed up the healing process of a SCI (Ikegami et al. 
(2005). 

A second study carried out by Zuidema et al. (2016) inflicted ex-
ternal physical force on mice to induce an acute tSCI. This study 
involved two experiments, where: (i) controlled nanoparticles were 
used to treat the tSCIs of one group of mice; and (ii) chABC-releas-
ing nanoparticles were used to treat the tSCIs in a second group of 
mice (Zuidema et al., 2016). Upon comparing outcomes between 
groups, it was observed that the treatment with chABC-releasing 
nanoparticles resulted in rapid and enhanced axonal sprouting 
in the spinal cord in comparison to the controlled nanoparticles 
(Zuidema et al., 2016). This study could also be used to draw the 
conclusion that although nanoparticles are effective in targeting 
their assigned tissue localities, it is possible that chABC-releasing 
nanoparticles are more effective in encouraging axon growth due 
to their CSPG-targeting properties (Zuidema et al., 2016). 

It is important to keep in mind that although chABC-releasing 
nanoparticles seem to encourage axonal growth, their instability 
as a compound makes it difficult to use them in an effective SCI 
treatment (Raspa et al. (2019) . To overcome this, Sasaki et al. 
(2015) proposed modifying them through site-directed mutagen-
esis or viral-mediated chABC gene delivery to host cells. These 
modifications seem theoretically reasonable, but changes to an 
enzyme such as chABC could have adverse health effects on the 
human body, and the enzyme itself could denature if the condi-
tions in the body are unfavorable (Mahajan, 2018; Raspa et al. 
2019 ). chABC-releasing nanoparticles have great potential, and 
their applications in the human spinal cord needs to be further 
studied.

CONCLUSIONS

Based on the evidence available in various studies, multifunction-
al silica-polymer nanoparticles are a more appropriate method of 
treatment for SCIs because of their ability to target specific regions 
with a zero-order drug release while safely crossing the blood-brain 
barrier (Kreuter, 2014) (White-Schenk et al. 2015). Although these 
nanoparticles can be made porous to avoid provoking the immune 
system (Zuidema et al., 2016) (Ukmar and Planinsek, 2010). More 
research is necessary to explore these characteristics in depth and 
to evaluate the potential use of silica and polymer nanoparticles 
and their application to SCI treatments.

Similarly, the limited research on chABC-releasing nanoparticles 
indicates that they can ensure maximum substrate specificity to 
lesion sites in encouraging nerve regeneration and may reduce 
the time of the healing process (Prabhakar et al., 2005). Howev-
er, there are many factors to take into consideration when using 
nanoparticles to release chondroitinase ABC such as enzyme sta-
bility, bioavailability, and material used for encapsulation. It is 
important to further understand the various functions of the en-
zyme and its effect on the human body by performing additional 
research that explores its characteristics and functions. 

Due to the limited research with regards to nanoparticles and 
their applications in SCI treatments, it is imperative that extensive 
research is done in order to further understand the potential func-
tion of each nanoparticle. Further steps would entail the testing of 
safety precautions of nanoparticle release in humans, potentially 
testing for allergenicity. Then, clinical trials could be carried out 
to give a better understanding as to whether designed nanoparti-
cles are compatible with the human body in treating SCIs.
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TABLES
Table 1 Summary of search strategy and results as of February 2019

No. Search terms PubMed results

1 SCI OR tSCI OR Acute OR Canada OR Nanoparticles OR Silica OR 
Polymer OR ChondroitinaseABC OR Proteoglycans

169
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INTRODUCTION

On average, 412 adolescents in Canada aged 15-19 are di-
agnosed with cancer every year, and 73 die as a result 
(Canadian Cancer Registry, 2011). Over the past 50 years, 

the 5-year survival rate for childhood cancer (ages 0-14) has sig-
nificantly increased by 40% in the United States due to improved 
therapy and supportive care. Nevertheless, the same progress is 
not seen for adolescent patients (ages 15-19). This is the “Adoles-
cent and Young Adult Cancer Survival Gap”, which is observed in 
the US and Canada and can be attributed to a combination of 
adolescent cancer biology, varying responses to treatment, and a 
lack of enrolment in clinical trials (Bleyer, 2005; Pollock, 2007). 
The site of adolescent cancer treatment matters because paediat-
ric centres often place greater emphasis on clinical trial partici-
pation and provide greater psychosocial support for adolescents, 
which can ultimately lead to better survival outcomes (Pollock, 
2007; Brand et al., 2016). In British Columbia, the BC Children’s 
Hospital (BCCH) is the only children’s oncology treatment centre; 
therefore, the first aim of this study investigates where adolescents 
with cancer are receiving their treatment and what factors influ-
ence those referral patterns that ensure best treatment practices.

More specifically to BC, adolescent patients living in the north-
ern and southern interior may experience greater constraints in 
accessing care due to longer travel times to BCCH and the scar-
city of care providers. Travel impedance has been known to be a 
controlling factor in the utilization of health care systems (Kanar-

oglou et al., 2016). Thus, the second aim of this study investigates 
whether driving time influences referral decisions for adolescent 
cancer patients in BC. Such an approach encompasses the per-
spective of health geography, where patients’ locations can impede 
access to cancer treatment centres. Currently, there is no special-
ized adolescent cancer treatment unit nor universal guidelines for 
adolescent treatment at either paediatric or adult cancer centres 
in Canada or the US (Albritton & Bleyer, 2003).

This study analyzed data from 1995 to 2010 because the patient 
data up to 2010 was the most complete, comprehensive, and read-
ily available. Despite the data being more than a decade old, the 
study on adolescent cancer patients’ accessibility is one of the first 
in British Columbia. Moreover, the “Adolescent and Young Adult 
Cancer Survival Gap” still occurs across Canada and there still 
lacks systematic guidelines on how adolescent cancer patients 
should be referred and medical subspecialties that specifically 
treat adolescent cancer patients

METHODS

Data source
The patient data was collected from the Childhood, Adolescent, 
and Young Adult Cancer Survivors Research Program (CAYACS) 
by the BC Cancer Research Agency. The CAYACS program is a 
longitudinal cohort study that follows children and adolescent 
cancer patients from their initial diagnoses (McBride et al., 2010). 
Consent for personal data was given by the BC Cancer Research 

Abstract  Recent studies have suggested that adolescent cancer may have better sur-
vival outcomes when treated at paediatric centres, which better emphasize enrolment 
in clinical trials and have more capacity to support the social and emotional needs of 
adolescents. This study investigated 616 cancer cases in adolescents aged 15-18 from 
1995 to 2010 in British Columbia, Canada with data from the Childhood, Adolescent, 
and Young Adult Cancer Survivors Research (CAYACS) Program of the BC Cancer Re-
search Agency (BCCA). This study examined whether referrals to the adult centres BC 
Children’s Hospital (BCCH) or BCCA were influenced by age, socioeconomic status, 
rurality, seasonality, radiotherapy treatment, different diagnoses based on the Inter-
national Classification of Childhood Cancer (ICCC), and driving time to each centre. 
Between 1995 and 2010, only 27% of adolescent cancer patients in BC were referred 
to the BCCH, the only paediatric oncology centre in BC. Rural patients might have 
limited accessibility to BCCH, despite referral, due to travel restrictions and costs. As 
a result, patients are less likely to be referred to their closest cancer treatment centre as 
driving time increases (OR 0.995, P= 1.9e-10). Odds ratios of each modifier to BCCA or 
BCCH were calculated using univariate and multivariate logistic regression models in 
R Studio 3.5.1. Overall, 80% of younger adolescent (age 15-16) were referred to BCCH 
and only 14% of older adolescents (age 17-18) were referred to BCCH, which suggest-
ed that older adolescents were less likely than younger adolescents to be referred to 
BCCH (P= <2e-16). Additionally, leukaemia and Central Nervous System (CNS) cancer 
patients were more likely than all other patients to be referred to BCCH (P= 0.0014). 
The study of referral patterns is an essential factor when determining adolescent can-
cer survival rate.
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Agency via a confidentiality agreement. This dataset included all 
individuals diagnosed with cancer (excluding non-melanoma skin 
cancer) between ages 15-18 inclusive (n= 616) from 1995 to 2010, 
who are BC residents at the time of diagnosis and survived at least 
one month from the diagnosis.

For this study, all BCCA centres were defined as adult centres 
(Vancouver Centre, Vancouver Island Centre, Fraser Valley Centre, 
Southern Interior Centre, Abbotsford Centre) while BCCH was the 
paediatric treatment centre. Between 1995 and 2010, the South-
ern Interior Centre was opened 3 April 1998 and the Abbotsford 
Centre was opened 25 August 2008. The Northern Centre was ex-
cluded from this study because it was opened in 2012. Therefore, 
the patient dataset was categorized as 1 January 1995 to 2 April 
1998; 3 April 1998 to 24 August 2008; and 25 August 2008 to 31 
December 2010.

Geocoding
The hospital locations were geocoded using the “Geocode Ad-
dresses Tool” in ArcGIS and the address locator was provided by 
the DMTI Route Logistic package. The DMTI Postal Code Suite 
contained polygon files of local delivery units (LDU) in BC that 
consist of 6-digit postal codes. Patient data was geocoded to the 
corresponding LDU. 

Road network dataset
The road network dataset was created using the Network Analyst 
extension in ArcGIS from the DMTI Route Logistics package as a 
necessary procedure to produce driving times.

Driving time
Driving time of each patient to the closest cancer treatment cen-
tres was calculated using the OD cost matrix from the ArcGIS 
Network Analyst extension. In the driving time output, every pa-
tient had driving times to every centre calculated and ranked from 
shortest to longest. The shortest driving time to any centre indi-
cated the closest facility for that patient.

Driving map
To visualize the driving times to the closest cancer treatment cen-
tre for patients in BC, aggregated dissemination areas (ADA) from 
Statistics Canada were used as the patient data was too small to 
represent the driving time for the entire province and spatial in-
terpolation would not be accurate. After driving times were calcu-
lated for each ADA; driving time was categorized as falling within 
1 hour, 1-2 hours, 2-5 hours, 5-10 hours, or 10+ hours (Figs. 1, 2, 3).

Statistical analysis
Univariate and multivariate logistic regressions between each 
modifier such as age, socioeconomic status (SES), ICCC catego-
ries, radiotherapy treatment, seasonality, rurality. Patients farther 
from paediatric centers were tested for whether they were referred 
to BCCH or BCCA on R Studio version 3.5.1., where odds ratios 
were calculated.

RESULTS

Population referral characteristics
Between 1995 and 2010, a total of 616 adolescents between ages 
15-18 were diagnosed with cancer in BC. Table 1 highlights the 
distribution of referral to every cancer treatment centre in BC 
based on age, income, rurality, regional health authority catch-

ment, seasonality, and diagnosis groups. Overall, 59% of patients 
were referred to BCCA and 27% were referred to BCCH. Among 
BCCA referrals, 30% of patients were referred to the Vancouver 
centre and only 6% were referred to the Southern Interior centre.

The univariate logistics regression models (Table 2) showed that 
only age and diagnosis groups including leukaemia, CNS, germ 
cell, and thyroid carcinoma had a statistically significant impact 
on referral. 63% of older adolescents were referred to BCCA while 
80% of younger adolescents were referred to BCCH. This showed 
that patients between ages 17-18 were less likely than patients be-
tween ages 15-16 to be referred to paediatric centres (OR 0.14, P= 
<2e-16) which is the most expected result similar to previous stud-
ies (Table 2).

Although referrals to BCCA and BCCH seem to be evenly distrib-
uted between ICCC diagnosis, leukaemia and CNS patients were 
more likely than all other patients to be referred to BCCH (OR 
2.23, P=0.0013; OR 2.42, P= 0.0014). Germ cell and thyroid carci-
noma are both less likely than all other diagnoses to be referred to 
BCCH (OR 0.39, P= 0.0029; OR 0.27, P= 0.0348). Sarcoma patients 
were more likely to be referred to BCCH but not with statistical 
significance whereas lymphoma patients were less likely to be re-
ferred to BCCH based on the odds ratio (Table 2).

Patients of higher SES, urban locality, and who were closer to 
BCCH were more likely to be referred to BCCH but not with sta-
tistical significance. The overall referral characteristics showed 
that referral based on neighbourhood income quintile was evenly 
distributed across all centres. Referral to the Southern Interior 
centre consisted of 54% urban and 46% non-urban patients where-
as referral to all other centres consisted of mostly urban patients. 
Additionally, whether a patient received radiotherapy treatment 
did not affect whether a patient was treated at BCCH.

The multivariate logistic regression model tested for the combined 
effect of all the modifiers on referral to BCCA or BCCH (Table 
3). The model showed that age was the only factor that impacted 
referral to BCCA or BCCH after all the factors were accounted for 
(OR 0.13, P < 2e-16).

Driving time and referral
Fig. 1, 2, 3 visualized the overall distribution of driving time to the 
closest cancer centre across BC. From 1995 to 1998, the driving 
time was shortest for patients living the Vancouver lower mainland 
where which was within 1 hour of their closest treatment centre, 
gradually increasing as one moves away to other parts of BC. This 
is expected as there were three treatment centres (Vancouver cen-
tre, Fraser Valley centre and BC Children’s) in the area, easing ac-
cess to those three facilities for patients living there, translating to 
shorter driving times. Since the opening of the Southern Interior 
centre in 1998, driving time for patients in that area significantly 
decreased as indicated by the dark green cluster in Fig. 2. None-
theless, driving time for patients in all the other parts of BC re-
mained relatively the same. After the Abbotsford centre opened in 
2008, the dark green region expanded further north and east from 
the Vancouver lower mainland, which shows that more patients 
had access to a cancer centre within 1 hour of driving time (Fig. 3). 
However, minimal change was observed in other parts of BC since 
the Abbotsford centre is still within the Fraser Valley, and often 
acts as an overflow centre to complement the Fraser Valley Centre 
in Surrey. The opening of the Southern Interior and Abbotsford 
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centre shows that access to cancer treatment centre improved only 
locally. Between 1995 and 2010, 61% of patients were not referred 
to their closest treatment centre and only 35% were. As driving 
time increased, the patient’s referred centre was less likely to be 
their closest treatment centre (OR 0.995, P= 1.9e-10).

DISCUSSION

Since older adolescents were less likely than younger adolescents 
to be referred to BCCH, age was one of the most important factors 
influencing referral which showed that older adolescents still had 
limited access to BCCH. This result is consistent with the lower re-
ferral rate to paediatric centres for patients aged 18-19 compared 
to those aged 15-17 according to a 2004 study by the Canadian 
Childhood Cancer Surveillance and Control Program (Klein-Gelt-
ink et al., 2004). To illustrate the effect of age on referral, the 
multivariate logistic regression also demonstrated that age was the 
only factor that had a statistically significant impact on referral 
when all the tested factors were combined.

Similarly, studies in North Carolina, Washington State, Georgia 
and Ohio found that referral to paediatric centres significantly de-
creased as adolescent age increases from 15 to 19 (Gordon et al., 
2018; Howell et al., 2007; Yeager, et al., 2006). The contributing 
factor could be the physician conducting the referral: for example, 
although there is no defined age limit for adolescents to be treated 
at BCCH, there might still be a “perceived age limit” by the physi-
cian even though it might be beneficial for patients in their early 
20s to be referred to paediatric centres (Gordon et al., 2018). More-
over, paediatric primary care physicians (PCP) were more likely 
to refer their patients to paediatric centres if they had colleagues 
that they personally knew working in these centres (Gordon et al., 
2018).

Older adolescents living in rural areas of BC might prefer a BCCA 
centre because it is geographically closer and they can drive them-
selves to the treatment sessions despite the more specialized care 
provided in BCCH (Albritton et al., 2007). Older adolescent pa-
tients might also be reluctant to receive treatment at BCCH be-
cause they do not want to be perceived as children and want to be 
more connected to their peers who are also entering adulthood 
(Albritton et al., 2007; Howell et al., 2017; Klein-Geltink et al., 
2005). The result showed that as driving time increased, adoles-
cent patients were less likely to be referred to their closest cen-
tre, which can benefit rural patients. Since the driving time to 
their closest BCCA might be just as far as BCCH, families might 
choose BCCH instead due to better treatment options. In gener-
al, improved survival outcomes were seen at the paediatric centre 
because they provided supportive care more tailored towards the 
emotional needs of adolescents and inpatient care which improves 
survival outcomes in cases of adverse complications (Howell et al., 
2007). More importantly, lack of access to BCCH for these old-
er adolescents might suggest lack of enrolment in clinical trials, 
which may significantly impact their survival outcome (Parsons 
et al., 2015).

Referral was also influenced by diagnosis. Leukaemia (all sub-
groups) and CNS tumour patients were more likely than patients 
with other cancers to be referred to BCCH. According to the 
Surveillance, Epidemiology, and End Results (SEER) Program, 
68.2% of average annual incidence per million of leukaemia from 
1975-2000 occurred in children less than 5 years old (Bleyer et al., 
2006). Similarly, higher incidence of CNS tumours was seen in 
children under 5 (33.7%) compared to adolescents between ages 
15-19 (19.2%). This suggests that adolescent patients with cancer 
more commonly seen in younger children are more likely to be re-
ferred to BCCH. This is important when considering the survival 

Fig. 1: (left) Driving time to the closest cancer centre for adolescents in BC between 1995 to 1998. Only cancer patients in the Lower Fraser Valley region 
and Southern Vancouver Island have within one hour driving time to their closest centre. Driving time increases radially from the clusters of short driving 
time to other parts of the province.

Fig. 2: (centre) Driving time to the closest cancer centre for adolescents in BC between 1998 to 2008. The opening of the Southern Interior centre ben-
efited cancer population living in those regions where another cluster of population are within one hour to their closest centre in addition to the Lower 
Fraser Valley and Southern Vancouver Island cluster. Other areas remain the same.

Fig. 1: (right) Driving time to the closest cancer centre for adolescents in BC between 2008 to 2010. The opening of the Abbotsford centre largely ben-
efited population within the Lower Fraser Valley extending eastward. The area where cancer population is within one hour of their closest cancer centre 
dramatically increased with the opening of this centre. Northern BC remain the least accessible to cancer centres.
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outcome of referrals because the 5-year survival rate for leukaemia 
is often lower when it is not treated at paediatric centres (Howell 
et al., 2007).

Patients diagnosed with germ cell and thyroid carcinoma were 
less likely to be referred to BCCH and both cancers were more 
common in the older teens than in younger children according 
to the SEER Program (Bleyer et al., 2006). Those patients diag-
nosed with germ cell and thyroid carcinoma may also be seen by 
physicians with surgical specialties, which decreases their chances 
of being referred to BCCH (Albritton et al., 2007; Parsons et al., 
2015).

Other ICCC diagnoses also affect referral but not with statisti-
cal significance. Bone tumours and soft tissue sarcomas are more 
likely to be treated at a paediatric centre where survival for pa-
tients with those cancers is usually favored (Howell et al., 2007). 
Lymphoma patients are less likely to be referred to BCCH, which 
is surprising because lymphoma is usually considered a more “pae-
diatric-specific cancer” (Bleyer et al., 2006). This suggests a po-
tentially unfavourable survival outcome for those lymphoma pa-
tients treated at BCCA, since survival may improve when they are 
treated at BCCH instead (Parsons et al., 2015). Furthermore, SES, 
rurality, seasonality, and distance to BCCH, which are internally 
correlated factors, did not influence referral with statistical signifi-
cance. Since lower SES and rural patients are expected to have less 
accessibility to BCCH, the logistic regression showed that referral 
patterns were in fact not as affected by those factors than by age 
and diagnosis. This reflects health care access equality in British 
Columbia under the premise of this study.

Of greater implication for referral location is the patient’s poten-
tial survival rate. Each category of adolescent cancer has biologi-
cally distinct characteristics and thus requires careful considera-
tion of whether an adult or paediatric center will be better suited 
for a particular patient (Wolfson et al., 2014). There are major 
benefits when treated is received at a paediatric centre, such as 
participation in clinical trials, peer support, and better follow-up 
care (De et al., 2011). Given the uniqueness of adolescent cancer, 
referral decisions are often complex and there is no “one size fits 
all” solution.

CONCLUSIONS

This study suggests that patients who were younger, of higher SES, 
urban, suffered from lymphoma, sarcoma, without radiotherapy, 
not traveling in the winter, and located farther from an adult cen-
tre would be more likely to be referred to BCCH. More specifically, 
age and diagnosis were the two major factors affecting adolescent 
cancer patient referrals in British Columbia. From a physician’s 
perspective, the awareness that older adolescents might be bet-
ter treated at paediatric centres is critical (Yeager et al., 2006). 
Additional systematic efforts should also be implemented such as 
developing hospital policies that facilitate the appropriate referral 
based on each adolescent’s age and diagnosis, and improving ac-
cess to these appropriately referred treatment centres to further 
reduce the AYA cancer gap (Gordon et al., 2018; Parsons et al., 
2015).  Currently, the Adolescent and Young Adult Committee has 
prioritized the identification of new treatment protocols tailored 
towards treating adolescent cancer, improving psychosocial sup-
port during therapy, and increasing the participation in clinical 
trials (Pollock, 2007).

It should be noted that referral location may differ from where 
patients actually receive treatment, because such data is not avail-
able through the CAYACS program. Nonetheless, this study con-
tributed insights on access to adolescent cancer care in BC, with 
the additional dimension of driving time. This can also be con-
sidered in the planning of another paediatric hospital or cancer 
centre in other parts of BC, while further informing paediatric 
and adult oncologists about referral and survival patterns. Since 
the Northern BC Centre was omitted in this study due to  the lim-
ited dataset timeline, this project should be repeated when data 
after 2012 becomes available. Furthermore, the two studies could 
be compared to analyze whether the Northern centre increased 
accessibility to care and survival for adolescents living in North-
ern BC. As a critical next step to this study, the 5-year survival 
outcome for this cohort and enrolment in clinical trials based on 
referral difference should also be examined.
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TABLES
Table 1 Characteristics of the study population overall and by referral centre

Characteristic Overall Any BCCA No referral
Centre for the 

Southern Interior

Number of patients 616 (100%) 364 (59%) 84 (13%) 37 (6%)

Average age at diagnosis

Younger 288 (47%) 134 (37%) 19 (23%) 9 (24%)

Older 328 (53%) 230 (63%) 65 (77%) 28 (76%)

Neighbourhood income quintile

1 101 (16%) 63 (17%) 12 (14%) 11 (30%)

2 120 (19%) 63 (17%) 15 (18%) 6 (16%)

3 110 (18%) 73 (20%) 14 (17%) 9 (24%)

4 121 (20%) 67 (18%) 25 (30%) 5 (14%)

5 130 (21%) 71 (20%) 14 (17%) 5 (14%)

9 34 (6%) 27 (7%) < 6 (5%) < 6 (3%)

Residence

Urban 510 (83%) 301 (83%) 62 (74%) 20 (54%)

Non-urban 95 (15%) 57 (16%) 18 (21%) 17 (46%)

Unknown 11 (2%) 6 (2%) < 6 (5%) 0 (0%)

Regional health authority

Interior 102 (17%) 60 (16%) 18 (21%) 37 (100%)

Fraser Valley 215 (35%) 131 (36%) 24 (29%) 0 (0%)

Vancouver Coastal 126 (20%) 74 (20%) 13 (15%) 0 (0%)

Vancouver Inland 106 (17%) 63 (17%) 13 (15%) 0 (0%)

Northern 56 (19%) 30 (8%) 12 (14%) 0 (0%)

Unknown 11 (2%) 6 (2%) < 6 (5%) 0 (0%)

Seasonality

Winter 230 (37%) 117 (32%) 15 (18%) 15 (41%)

Other 386 (63%) 247 (68%) 69 (82%) 22 (59%)

Diagnosis group

Leukaemia 83 (13%) 41 (11%) 5 (6%) 3 (8%)

Lymphoma 155 (25%) 100 (27%) 13 (15%) 12 (32%)

CNS 78 (3%) 30 (8%) 18 (21%) 1 (3%)

Bone tumour and soft tissue carcinoma 91 (15%) 53 (15%) 6 (7%) 5 (14%)

Germ cell 88 (14%) 65 (18%) 10 (12%) 7 (20%)

Thyroid carcinoma 34 (6%) 23 (6%) 8 (10%) 2 (5%)

All other 82 (13%) 52 (14%) 19 (23%) 7 (19%)

Unknown < 6 (1%) 0 (0%) < 6 (6%) 0 (0%)
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TABLES (CONT'D)

Table 1 (cont'd) Characteristics of the study population overall and by referral centre

Characteristic
Fraser Valley 

Centre Vancouver Centre
Vancouver 

Island Centre BCCH

Number of patients 85 (14%) 186 (30%) 56 (9%) 168 (27%)

Average age at diagnosis

Younger 23 (27%) 78 (42%) 24 (43%) 135 (80%)

Older 62 (73%) 108 (58%) 32 (57%) 23 (14%)

Neighbourhood income quintile

1 13 (15%) 31 (17%) 9 (16%) 26 (15%)

2 15 (18%) 34 (18%) 8 (14%) 42 (25%)

3 37 (44%) 37 (20%) 14 (25%) 23 (14%)

4 10 (12%) 30 (16%) 10 (18%) 29 (17%)

5 0 (0%) 39 (21%) 12 (21%) 45 (27%)

9 7 (8%) 15 (8%) < 6 (5%) < 6 (2%)

Residence

Urban 81 (95%) 149 (80%) 52 (93%) 147 (87%)

Non-urban < 6 (5%) 35 (1%) 3 (5%) 20 (12%)

Unknown 0 (0%) 2 (1%) 1 (2%) < 6 (1%)

Regional health authority

Interior 0 (0%) 25 (13%) 0 (0%) 24 (14%)

Fraser Valley 83 (98%) 48 (26%) 0 (0%) 60 (36%)

Vancouver Coastal 1 (1%) 73 (39%) 0 (0%) 39 (23%)

Vancouver Inland 0 (0%) 9 (5%) 55 (98%) 30 (18%)

Northern 1 (1%) 29 (16%) 0 (0%) 14 (8%)

Unknown 0 (0%) 2 (1%) 1 (2%) < 6 (1%)

Seasonality

Winter 25 (29%) 62 (33%) 15 (27%) 55 (33%)

Other 60 (71%) 124 (67%) 41 (73%) 113 (67%)

Diagnosis group

Leukaemia 6 (7%) 27 (15%) 5 (9%) 37 (22%)

Lymphoma 18 (21%) 58 (31%) 13 (23%) 42 (25%)

CNS 9 (11%) 16 (9%) 5 (9%) 30 (18%)

Bone tumour and soft tissue carcinoma 12 (14%) 30 (16%) 6 (11%) 32 (19%)

Germ cell 19 (22%) 26 (14%) 13 (23%) 13 (8%)

Thyroid carcinoma 9 (11%) 8 (4%) < 6 (5%) < 6 (2%)

All other 12 (14%) 2 (11%) 11 (20%) 11 (7%)

Unknown 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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TABLES (CONT'D)

Table 2 Odds ratio comparing factors that affect likelihood of referral to BCCA or BCCH

Factor Odds ratio (CI 95%) P value

Age

Younger Reference -

Older (17-18) 0.14 (0.091- 0.22) <2e-16

SES

Lower Reference -

Higher (categories 1-2) 1.17 (0.80-1.71) 0.406

Radiotherapy

Yes 0.91 (0.61-1.35) 0.65

No Reference -

Residence

Non-urban Reference -

Urban 1.39 (0.82-2.45) 0.235

Seasonality

Winter Reference -

Non-winter 0.844 (0.58-1.23) 0.372

BCCH is closest treatment centre

Yes 1.55 (0.88-2.69) 0.121

No Reference -

Diagnosis group

Leukaemia 2.23 (1.36-3.63) 0.0013

Lymphoma 0.88 (0.58-1.33) 0.549

CNS 2.42 (1.40-4.18) 0.0014

Bone tumours & soft tissue sarcomas 1.38 (0.85-2.23) 0.19

Germ cell 0.39 (0.20-0.70) 0.0029

 Thyroid carcinoma 0.27 (0.063-0.79) 0.0348

All other 0.42 (0.20-0.80) 0.0123
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TABLES (CONT'D)

Table 3 Multivariate logistic regression model affecting likelihood of referral to BCCA or BCCH

Factor Odds ratio (CI 95%) P value

Age

Younger Reference -

Older (17-18) 0.13 (0.08- 0.21) <2e-16

SES

Lower Reference -

Higher (categories 1-2) 1.23 (0.80-1.88) 0.34

Radiotherapy

Yes 1.01 (0.67-1.68) 0.78

No Reference -

Residence

Non-urban Reference -

Urban 1.35 (0.70-2.69) 0.235

Seasonality

Winter Reference -

Non-winter 0.91 (0.59-1.41) 0.684

BCCH is closest treatment centre

Yes 1.57 (0.86-2.38) 0.085

No Reference -

Diagnosis group

Leukaemia 0.82 (0.26-1.90) 0.65

Lymphoma 0.73 (0.34-1.57) 0.421

CNS 0.91 (0.37-2.20) 0.834

Bone tumours & soft tissue sarcomas 0.37 (0.32-1.68) 0.19

Germ cell 1.22 (0.54-2.79) 0.618

 Thyroid carcinoma 0.91 (0.25-2.99) 0.882

All other 1.21 (0.52-2.79) 0.65




